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DESCRIPTTOM 

INDUCTION OF E-SELECTIN FOR TARGETTING THERAPEUTIC AGENTS 
BACKGROUND OF THFT TKry E NTION 

The U.S. Government owns rights in the present 
invention pursuant to grant number 58506 from tne 
National Institutes of Health. 

Field of the Invention 

The present invention relates generally to the 
fields of blood vessels and to radiation biology Mo >-e 
particularly, it P rov ldeS a variety of compositions and 
methods for use m targeting the E-selectm marker 
following their specific induction in tumor vasculature 
endothelial cells, and for delivering selected 
therapeutic and diagnostic agents to the tumor 
vasculature . 

Description of fh«> Relate 

Although significant effort continues to be applied 
to the development of effective anti-cancer strategies 
many prevalent forms of human cancer still resist " ' 
effective ehemotherapeutic intervention. A considerable 
underlying problem that must be addressed m any 
treatment regimen is the concept of "total cell k^ 
This is based on the fact that in order to have an 
effective treatment regimen, whether it be a surgical o^ 
ehemotherapeutic approach, or both, all of the s^-ca^e- 
"clonogenic" malignant cells must be killed to prev-nr 
regrowth of the tumor mass. 



20 



25 



35 



Due to the need to develop therapeutic agents and 
regimens capable of achieving such total cell 
certain types of tumors have been more amenable C h ar 



DOCID: <WO 9625947A2 I > 



WO 96/25947 



PCI7US96/02796 



- 2 - 

others to therapy. For example, lymphomas, and tumors of 
the blood and blood-forming organs, e.g., leukemias, have 
generally been more responsive to chemotherapeut ic 
therapy, while solid tumors, such as carcinomas, 
5 generally prove more resistant to such therapies. 

One underlying reason for this phenomenon is that 
blood-based tumors are physically more accessible to the 
chemotherapeut ic agents, whereas it is often difficult 
10 for most chemotherapeut ic agents to reach all of the 
cells of a solid tumor. Increasing the dose of 
chemotherapeut ic agents, rather than achieving the 
desired total cell kill, most often results in toxic side 
effects that limit the effectiveness the chemotherapy. 

15 

Even immunotoxins , that are directed to selected 
cancer cell antigens, have proven to be of limited use in 
the treatment of solid tumors (Weiner et al . , 1989 ; Byers 
et al . , 1989). One reason for this is that solid tumors 
20 are generally impermeable to ant ibody- sized molecules, 
often exhibiting specific uptake values of less than 
0.001% of the injected dose/g of tumor in human studies 
(Sands et al . , 1988; Epenetos et al . , 1986). 

25 Further significant problems that can apply to any 

conventional chemotherapeut ic include: the formation of 
mutants that escape cell killing and regrow; the dense 
packing of cells within the tumor that creates a physical 
barrier to macromolecular transport; the absence of 

30 lymphatic drainage, creating an elevated interstitial 

pressure that reduces extravasation and fluid convection; 
the heterogeneous distribution of blood vessels that 
leaves certain tumor cells at a considerable diffusion 
distance; and the adsorption of agents in the 

35 perivascular tumor cells. 
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It is therefore clear rhar 
fr, ^ ciear that a significant need ex^r<= 

o. solia tumors, one approach lnrolves tne E . roe -™r 
agents to the vasculature of the tumor, rather than L 
S tumor .ens. - S ol id tumor growth ls ^Jl ^ ^ 
vascularity of the tumor to supply oxygen, nutrients 
an other gro „th factors, vascular-mediated mechanisl of 
action appear attractive. Also, in targeting the 
vasculature, the cells are generally accessible and the 
IT 0 ° f mUCa " ^otnelial cells, lacing a target 
antigen, is unlikely because they are normal cells. 

For tumor vascular targeting to s „r^ = — < - .■ _ 
generally accepted that markers must be ident • f"ied\hat 
are specie for tumor vascular endothelial eel sad 
chat are not significantly expressed in SU ch cells ir 
normal tissues. The failure to identify or develop 

strategies. ^""lly promising ant i - vascular 



20 



SUMMARY OF THTT Tin^n^ 

, P1 " eSent lnVentlM Seeks to overcome thes- and 

25 other drawbacks inherent m the p ri0 r « . k 

improved methods and cn ■ providing 

ethods and compositions for use i n specificallv 

-r get i ng tumor vasculature endothelial cellS( p th :^ iiy 

delivering selected therapeutic and diagnostic aoen s to 
the tumor vasculature tk« ■ " 
,„ . , scuiature. The invention reouires the 

30 induction of the molecule E-selectin in t"umor vascula-ure 

-adiation, which then aliows the selectm to be tasted 
using specific binding compositions and selected agents 

The invention therefore provides methods for 
delivering a selected agent to the vasculature of an 
amma- or human sublet comprising, generally, inducing 
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E-selectin expression in vascular endothelial cells and 
administering to the animal a composition comprising an 
E-selectin targeting component operatively associated 
with or attached to a selected agent. The currently 
preferred methods involve E-selectin induction. 

Also provided are methods for delivering a selected 
agent to the tumor- associated vasculature of an animal or 
human patient having a vascularized tumor, which methods 
generally comprise inducing E-selectin expression m the 
tumor-associated vascular endothelial cells and 
administering to the animal a composition comprising an 
E-selectin targeting compound operatively associated with 
or attached to a selected agent. 

Further provided are methods for delivering a 
selected agent to the disease - associated vasculature of 
an animal or human subject with a disease that has a 
vascular component, i.e., a disease that is connected in 
some manner with the aberrant function, or number, of 
blood vessels. These methods generally comprise inducing 
E-selectin expression in the disease-associated vascular 
endothelial cells and administering to the animal or 
patient a composition comprising an E-selectin targeting 
compound operatively associated with a selected agent. 
Again, the currently preferred methods involve E-selectin 
induction and subsequent targeting. 

Methods for treating malignant and benign diseases 
30 that have a dysfunction of the vasculature as one causal 
or contributory factor are also provided. Such diseases 
include various solid tumors, diabetic retinopathy, 
vascular restenosis, arteriovenous malformation ( AVK ) and 
meningioma. These treatment methods generally include 
35 inducing E-selectin expression in the di sease - assoc lat ed 
vascular endothelial cells of an animal or patient having 
a vascularized tumor, or a vascular component - associated 
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nenign disease, and administering to the animal o>- 
patient a therapeutically effective amount of a 
pharmaceutical composition comprising an E-selectin 
targeting component operatively associated with or 
attached to a selected agent. 

In all such methods of the invention, the E-selectin 
expression in vascular endothelial cells may be induced 
by ionizing radiation, i.e., by exposing the cells to 
ionizing radiation at a dose sufficient to activate the 
selectm promoter and to induce expression of the 
selectm structural gene so that the selectm protein < s 
expressed on the surface of the cell. 

E-selectin expression m vascular endothelial cells 
- y be induced by y-irradiation, or preferably, by using 
by x-rays. Where cancer or other disease are to be 
treatea, E-selectin gene expression in the vascular 
^ endothelial cells may be induced by specific x-ray 
irradiation of the tumor or disease site. 

Induction of E-selectin may also be achieved using 
heat or oxidants, such as H 2 0, or o 2 . This may also be 
^ controlled and directed to a specific area of the body. 

Following E-seiectin expression in the vascular 
endothelial cells, a composition of one or more selectm 
binding compounds - second agent components is administered 
to the animal or patient, generally in a pharmaceut ical 1 v 
acceptable formulation. This may be achieved by 
parenteral administration, by injection or instigation 
into the disease site or vascularized tumor site e g 
using any one of a variety of catheters. 
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The E-selectin targeting component of the 
composition may be an antibody, preferably, a monoclonal 
antibody, or a fragment thereof, such as an scFv, F v , 
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Fab', Fab or F(ab') ; fragment of an antibody. Preferred 
antibodies are monoclonal antibodies (MAbs), as may be 
obtained from a variety of commercial sources, e.g., 
British Bio-technology Ltd., R&D Systems, AMA Inc. and 
5 Imunotech S.A., or that may be generated using standard 
MAb technology . 

Further suitable ant i -E-select in MAbs are those 
described in the scientific literature, such as EL-246 

10 (Jutila et. al . , 1992; Steinberg et aJ . , 1994); 1 . 2B6 

(Groves et. al . , 1991; Montefort et. al . , 1992 ; Moughal 
et. al . , 1992; Keelan et ai . , 1994a ; 1994b; Chapman 
et ai . , 1994); BBAI (Zhang et ai . .. 1 994) ; 9H9 (Olofsson 
et al., 1994); CL2/6 (Abbassi et. ai . , 1993); 1 . 3B6 

15 (Veale et. ai . , 1993); BB11 (Sporn et. al . , 1993); CL-3 
and CL-37 (Mulligan et. ai . , 1991); ENA1 (Span et ai . , 
1991; von Asmuth et. al . , 1992); and ENA2 (Hakkert 
et . al . , 1991 ) . 



Other effective E-selectin targeting components are 
oligosaccharides, polysaccharides, glycolipids, and even 
glycoproteins; oligosaccharides, polysaccharides or 
glycolipids formulated into liposome preparations; and 
oligosaccharides, polysaccharides or glycolipids 
conjugated to a protein or polypeptide carrier, such as 
albumin. Currently preferred liposome preparations are 
cationic liposomes, DOTMA/DOPE, DOTMA and DOR IE . 

Suitable oligosaccharides include glycyrrhizin , 
carmmic acid, cylexin, sialyl Lewis X/A oligosaccharides 
and sialyl Lewis X/A mimics. Examples of sialyl Lewis 
X/A oligosaccharides include sialyl Lewis X (sialyl 
Lewis\ sLe x , Neu5Aca2 - 3Gal£l -4 [ Fucoel - 3 ] Gl cNAc ) ; sialyl 
Lewis A (sialyl Lewis 3 , sLe a , Neu5Aca2 - 3Gal£l - 3 [ Fucal - 
4]GlcNAc); sialyl Lewis X/A (sLe Xd ); sialyl Lewis 
pentasaccharides; sialyl Lewis t etrasacchar ides ; sulfated 
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Le penta- and tet 
compounds . 



"saccharides; and dimeric sialyl Lew, 
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Currently preferred oligosaccharades are 
g-ycyrrhizin and sialyl Lewis X/A-based oligosaccharides 
Particularly sialyl Lewis pentasaccharides 
tetrasaccharides; sulfated Le penta- and 
tetrasaccharides; and amino substituted sL- a «, h 
by Nelson et. al . (1993). ' 5 descr ^ed 

structural" ^nts include 

xnclulT h anal ° gUeS ° f thS oligosaccharides, 
including those identified in the Dha __„„_ ' . 
N-rasinga Rao et aJ. (1994). * — nearer. Py 

Suitable E-selectin-binding polysaccharides include 

l ^;i::;::: n t e a A ~ Plated £or us c r: 

« af 1994) 9 ! tln9 CC ™ - Protein C (Grmnell 

c - 1994); and the 150-kD, 230 kD and 130 kD 

glycoproteins described by Lenter et. al ( 994 ma , 
be employed. 1-994) may also 



viru.e P s Urt such 8Ui T e components are 

33 hSrpes si ^Plex virus-i (HSV-i) ari ^ 
25 associated virus (aavi ' adeno " 

^ vixus (AAV) modified AAV 

papilloma virus (HPV) and adenovi^e, ^ 
preferred viruses for use in the currently 
HSV-l anrt ^ ■ Present invention are 

HSV and adenoviruses. In addition, these viruses Hv 
be .nzym.tic.lly altered to hind E-seleoti„. 



Still further effective E-selectin tar q ecina 
components are cells, such as T lymphocytes " or ' 
leukocytes, helper T cells, polymorphonuclear 
neutrophils, eosinophils. NK celis. and the like, chat 
re known to bind co H-selectin physrologi cal ! y . T „ , 

-~ ~ be created and re - administered in conjunction 
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with a selected agent or transfected with the ELAM ligand 

fucosyltransf erase { ELFT) gene. The selected agent may 

be a recombinant vector that is inserted into the TIL, so 

that the vector expresses a protein following uptake into 
5 the vascular endothelial ceils. 



Ligands isolated from T cells or from 
polymorphonuclear neutrophils, or recombinant versions of 
such ligands, may also be used as E-selectin targeting 
10 components. One such example is the HECA-452 antigen 
from lymphocytes (De Boer et. al., 1994). 

Antibodies and ol igosaccharide - containing compounds 
already administered to humans in the treatment of 

IS distinct diseases may be initially preferred for use in 
this invention. For example, glycyrrhizin is a natural 
product that is used in Chinese herbal medicines (Davis 
and Morris, 1991), and has been administered to humans in 
clinical studies other than those connected with 

20 radiation. Many antibodies have also been tested in 

animal models in studies directed to non- radiation- linked 
areas of diagnosis or treatment (Keelan et al . , 1994a; 
1994b; Chapman et aJ . , 1994; Ulich et al . f 1994; Silber 
et al., 1994; Gosset et al . , 1995), and as such have 
25 demonstrated acceptable safety levels. Diagnosis and 
therapy using antibody-based compounds is particularly 
contemplated to be based upon the methods described by 
Roeske et. al . (1990) and Leichner et. al . (1993). 



30 



35 



In the methods of the invention, after E-selectin 
expression is induced m vascular endothelial cells, a 
composition comprising a selectin targeting component 
operatively associated with, or attached to, a selected 
agent, is administered to an animal or patient. 

Appropriate selected agents include therapeutic 
agents, such as t hrombolyt ic agents, and also, 
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anticellular agents that kill or suppress the growth or 
cell division of disease-associated endothelial cells. 
Examples of effective thrombolytic agents are 
streptokinase and urokinase. 

Effective anticellular agents include 
chemotherapeutic agents, such as steroids, 
antimetabolites, anthracycline, vinca alkaloids, 
antibiotics, alkylating agents, epipodophyllotoxin and 
anti-tumor agents such as neocarzinostat in (NCS), 
adriamycin and dideoxycyt idine ,- mammalian cell 
cytotoxms, such as interferon - a (IFN-o), interferon-/?* 
(IFN-07), interleukm-12 (IL-12) and tumnv n S ~ osis 
factor-. (TNF-or); plant-, fungus- and bacteria-delved 
toxins, such as ribosome inactivating protein, gelon^'n 
or-sarcin. aspergillm, restrictocm , ribonucleases 
diphtheria toxin, Pseudomonas exotoxin, bacterial 
endotoxins, the lipid A moiety of a bacterial endotoxin 
"cm A chain, deglycosylated ricin A chain and 
recombinant ricin A chain; as well as radioisotopes 



Diagnostic agents will generally be a fluorogenic 
Paramagnetic or radioactive ion that is detectable upon 
amagmg. Examples of paramagnetic ions include chromium 
• ill), manganese (II), iron {II1)< iron 

(ID, nickel (II), copper (II), neodymium (in,, samarium 
(HI), ytterbium (Hi), gadolinium (in,, vanadium (II, 
terbium (III,, dysprosium (m,, holmium (m, and erhlum 
(III) ions . 



Examples of radioactive ions include iodine • 
technicium-, indium-, rhenium-, rhenium-", C op D - " 
iodine-'-, yttrium'- , iodine-, astatine-, gallium ", 
iridium-, cobalt-, radium-, gold-, cesium- and 
35 phosphorus-" ions. Examples of fluorogenic agents mciud* 
gadolinium and renographm. 
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In operatively attaching a fluorogenic, paramagnet: 
or radioactive ion to an oligosaccharide, polysaccharide 
or glycolipid, one may wish to first conjugate the 
oligosaccharide, polysaccharide or glycolipid to a 
protein or polypeptide carrier, such as albumin, and the: 
link the fluorogenic, paramagnetic or radioactive ion to 
the protein or polypeptide carrier, using methods 
commonly known in the art. 

In certain embodiments, the selected agent will be a 
recombinant vector, or other gene - expressing unit, that 
comprises a promoter operatively linked to a protein 
expression region. The vector will then direct the 
expression of the encoded protein or polypeptide 
following uptake into vascular endothelial cells. 

The recombinant vectors may comprise an ionizing 
radiation- inducible promoter, such as a CArG domain of an 
Egr-1 promoter, a fas promoter, a c-jun promoter or TNF - a 
promoter, operatively linked to a protein expression 
region. Alternatively, the vector may have a vascular 
endothelial cell specific promoter operatively, such as 
an Egr-1 gene promoter, an ICAM-1 gene promoter or an E- 
selectm gene promoter, linked to a protein expression 
region. Certain ionizing radiat ion - inducible promoters 
are also vascular endothelial cell specific promoters. 

The protein expression region will often be one that 
expresses an anticellular agent capable of killing or 
suppressing the growth or cell division of disease- 
associated endothelial cells. Such agents are 
exemplified by tumor suppressor proteins, such as p53, 
pl6, the retinoblastoma gene product and the Wilms' tumor 
gene product (WT1) ; chemotherapeut ic agents, such as 
I FN - a , IFN-07, IL-12 and TNF-cr; mammalian cell-, plant-, 
fungus- and bacteria - derived toxins, such as TNF - a , 
diphtheria toxin, Pseudomonas exotoxin, ricin A chain and 
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deglycosylated ricin A chain- = 

' ana a 9 ents thar suporesses 
neovascularization. R ses 

The protein expression unit o ene or 

5 ultimately effect cell kill in ' ^ may 3lS ° 

killing or growth suppression by 
expressing an enzyme capable of converting a non-toxic 
Pro-drug into a cytotoxic drug. Effective examples 
include the herpes simplex virus (HSV) thymidine Kinase 
(tk) enzyme and the cytosine deaminase enzyme. 

The recombinant vector selecr^H a ««„^ 
within cells selected agents may be housed 

AAV HSV i hpu " VlrUSSS ' SUCh " 3 -trovirus, 

AAV. HSV-l, HPV, or adenovirus, or may be targeted co 

se.ectin-expressmg cells via other means, such as by 
15 linking to an antibody. Y 

deliv The PrSSent lnVentl ° n fu "her Provides methods for 
de ivermg agents to cells, and for treating benign and 
malignant disease- tu y 1 ana 

aH . . dlsease ^- These methods generally comprise 

administering to an animal or na-i^nr -in v-, u 

, ^ L patient m which vascular 

Pharmaceutical composition comprising an E . selectln ' 
targeting component operatively associated with a 

inducible promoter operatively U nked to . protein 
expression region, and wherein the method further 
comprises inducing expression of the encoded protein bv 
subsequently exposing the dise ase or tumor site to an 
additional effective dose of ionizing radiation 
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The invention still f urther provides methods fo>- 
determming the radiation exposure of an amma^ 
patient, which methods generally comprise determining t^ 
-vel of E-selectm expression m vascular endothelial "~ 
cells of an irradiated site of the animal or patie^ 
-herein an increase in the E-selectm level, in 
comparison Lo the level in normal or non- irradiated 



OOCID: <WO 9625947A?.! > 



WO 96/25947 PCT/US96/02796 

- 12 - 

animals or patients, is indicative of an increase m 
radia t ion exposure . 



The level of selectin expression may be determined 
by means of administering to the animal or patient an 
effective amount of composition comprising an E-seiectin 
targeting component operatively associated with a 
detectable marker and exposing the animal or patient to a 
detection device to identify the detectable marker. This 
detection may include detecting soluble E-selectm 
directly, or performing a soluble E-selectm ELI SA of 
serum 



The detection methods are exemplified by 
administering to the animal or patient glycyrrhi zin , 
an antibody that specifically binds to E-selectin 
operatively associated with a nuclear magnetic spin- 
resonance isotope or a radioactive substance. 



In yet further embodiments, the present invention 
concerns methods for preventing or treating radiation 
damage in an animal or human patient undergoing 
radiotherapy, or one that is accidentally exposed to 
ionizing radiation. These methods generally comprise 
administering to the irradiated animal or patient a 
pharmaceutical^ acceptable composition comprising an 
E-selectm targeting agent alone, without a selected or 
second agent. The pharmaceut ically acceptable 
composition may be administered to the animal in a 
topical, oral or parenteral formulation, depending on the 
damaged or protectable area. 



Compositions and kits of the present invention 
include all the above described combinations of E- 
selectin targeting components operatively associated with 
or attached to all the above described selected agents, 
and such compositions dispersed in pharmacologically 
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acceptable media. Currently preferred E-selectxr 
targeting components are antibodies, gly cyrrhl21n 
carminic acid, cylexxn, sialyl Lewis X, sialyl Le^s a 
_ Sialyl Lewis X/A and sialyl Lewis X/A mimics. Currently 
= preferred selected agents are anticellular agent capable 
of killing or suppressing the growth or cell division of 
tumor-associated endothelial cells and fluorogenic 
paramagnetic and radioactive ions that are detectable 
upon imaging. 

BRIEF DESCRIPTIO N OF THR DRAWTHn.q 

The following drawings form part of the n^ s ~-- 
specification and are included to further demonstrate 
certain aspects of the present invention. The invention 
may be better understood by reference to one or mor- Q * 
these drawings in combination with the detailed 
description of specific embodiments presented herein. 

FIG. i. and FIG. IB. Quantification of adhesion 
molecules in irradiated endothelial cells. In FJn 1A 

and FIG. IB. HUVEC and HMEC cells were grown to 90% 
confluence, and incubated with primary i gG . antibody 
(mouse anti-human ICAM-l and E-selectin-1, R&D Systems) 
for 20 mm at 4°C. The cells were then rinsed and 
incubated with FITC - con D ugated secondary antibody (goat 
anti-mouse lg G; ). FA CS (Becton Dickinson) analysis was 
utilized for quantitation of receptor expression of 
ICAM-1 and E-selectin on HUVEC. 

In FIG. 1A, these fluorescence data were exoressed 

as histograms of events versus log fluorescence and 

analyzed in comparison to the autof luorescence of 

unlabeled cells as well as the fluorescence of baseline 

ICAM-i labeled or E- select in- 1 - labeled cells as 

appropriate. The percentage shr f t of 

r s.ii_Et or log fluorescence 

was calculated for quantitation of cells binding the 
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antibody to CAMs after irradiation (10 Gy). FIG. 1A has 
6 separate panels. 



In FIG. IB, HUVEC cells were irradiated with 10 Gy 
and incubated with the indicated antibodies at 2 h 
intervals . 



FIG. 2A. Deletion analysis of the E-selectin promoter in 
irradiated endothelial cells. HUVEC cells were grown to 
90% confluence and exposed to x-rays (10 Gy) and RNA was 
extracted at 1 h after irradiation. Control RNA was 
obtained from nonirradiat ed cells treated under otherwise 
identical conditions. RNA was size - fractionated by 1% 
agarose formaldehyde electrophoresis. Northern blots 
were hybridized to 32 P labeled E-selectin cDNA. 



FIG. 2B. Deletion analysis of the E-selectin promoter in 
irradiated endothelial cells. HMEC grown to 90% 
confluence were cot ransf ect ed with a plasmid containing a 
CMV promoter linked to the £-galactosidase gene (1 ^g) , 
12 of carrier DNA plasmids, and pE-sel(-587 +35) GK or 

pE-seI(-587 +35) GH ANFkB (5 jig), by use of Lipofectin 
reagent. Transfected cells were incubated for 16 h after 
transfection followed by treatment with 10 Gy (1 Gy/min, 
GE Maxitron) ionizing radiation, TNF or IL-1. Aliquots 
of the medium were assayed for growth hormone by ELI SA . 
The cells were harvested by scraping at 36 h and lysed, 
and (3 gaiactosidase levels were quantified to normalized 
for transfection efficiencies. HMEC transfected with the 
E-selectin promoter (-578 to +35) linked to the growth 
hormone reporter gene. HMEC transfected with deletion 
mutation of the E-selectin NFkB binding site 
( 5 ' -AGCTTAGAGG GGATTTCCGA GAGGA- 3 ' ; SEQ ID NO : 2 ) 
(pE (-578) -GHAkB ) linked to the growth hormone reporter 
gene . 
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FIG. 3A and FIG . 3B mfitp x^^a ■ 

J*. NF KB bxndmg activity in irradiate 
e„do th e lial Mll .. ln FIG . 3A and FIG . 3 B P rZT y 
cultures of „uv EC were pooled ,3 u rab ilical veinsi ^ 
passage 3 ti m es prior to irradlatlQn Nu J 

Ts2/T" ed aCCOrdi " 9 C ° *««ib.d method 

rrad I"" " ^ ' ' " 2 °' 3 °' » »*" 

irradiation. The E-selecti„ NFkB binding sequence 

(5-AGCTTAGAGG GGATTTCCGA GAGGA- 3 ' ; SEQ ID NO ■ 2 ) was 
10 t;r ied af -" P)ATP ^ ° f Polynucleotide 
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In FIG. 3A, binding assays were performed by 
incubating the end-labeled DNA (l ng , Wlth pol { 
: n 5 25 ^ 20 min at room temperature 

0mPetUl ° n StUd±eS Were Performed with oligonucleotides 
corresponding to known cis-acting elements, E-selIct ln 

AP 1 ( BRL B cof GG *«> » ^ ^d 

* 1 (BRL-GIBCO) at a 100-fold molar excess *«, ^ 
^ ( ~> *- „ eAce s s as compared 

to the labeled fragments. 

-~ p^r„::r n u:;:;: q ::::a::s incubati ° n of 

a a !a f L n s t ty h PUrified rabb " P °^°^ -tibody^raised 
hUman " F * B P " °r S ,1 crude rabbit 

anti- hum a„ c-rel were added to the reaction , ltture . 

"teller*? pla2 inhibiti » P*« - >-» y . Mdi . cad 

" lMtln lndu ="°»- The PKC inhibitors H7 and 
staurospor.n or the PLA2 inhibitor BPB were added one h 
prior to irradiation. After irradiation, cells we-e 
-raped, and E-selectin was quantified by antibody 
labeling and FACS scanning. 

«G. 5. The Raf -1 kin .„. doninant ne3ative (Ra£ 30 
prevent, transcriptions a =tiv a tion of the E . selecti „ 

promoter. HMEC were r-r^t-y-^-^^t 

rfexe cotransfected with pE (-578! -GH 
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CMV-LacZ, and Raf 301 expression vector with the 
Lipofectin reagent. Transf ectants were irradiated (10 
Gy) or treated with TNF at 5 ng/ml . hGH was assayed by 
ELISA aliquots of medium at 8 and 24 h after treatment. 
The Raf 301 in antisense orientation to the promoter (Raf 
302) served as a control. Transf ect ions , treatment, and 
assays were performed simultaneously and under identical 
conditions to Raf 301 transf ectants . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Persistent disease or local recurrence is a primary 
mode of failure in cancer patients, especially those with 
advanced disease (Haagense, 1971). For example, when 
15 breast tumors greater than 5 cm are treated with 80 to 90 
Gy, 44% fail within the field of irradiation (Fletcher 
and Shukovsky, 1975) . Furthermore, 50% of inflammatory 
breast carcinoma patients have local recurrences when the 
treated with daily irradiation (Barker et al . , 1980), 
while twice daily irradiation combined with chemotherapy 
reduces the rate of local recurrence to 20 to 27% 
(Fastenberg, 1985) . 

Thus, improved local control has been achieved by 
25 aggressive chemotherapy and radiotherapy, but this is 
limited by both local and systemic toxicity. Systemic 
toxicities may be reduced and efficacy may be increased 
by localizing therapy to the site of disease. One 
approach to localizing anticancer pharmaceuticals to 
30 cancers is to use cytotoxic agents with an affinity for 
tumor vasculature (Bicknell, 1994). The vasculature is 
required for neoplasia and destruction of the vasculature 
can result in tumor necrosis (Malik, 1992!. Carcinomas 
have abundant vasculature that may serve as a target for 
35 site specific anticancer pharmaceuticals (Harris et aJ . , 
1994 ) . 
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and ce E rrr ial ^ ^ ^ ^ of ^ vessels 
and^cell adhesion-molecules (CAMs, expressed on thei>- 

surface represent a potential target for "sne-d^ec.d" 

Phar.aceut.cals. CAMs influence neutrophil binding 

following stimulation With cytokines or oxidants (Read 

: 1?94; BeVil ^- « 1989). C AMs can also be 

induced by viral infection ,E tingin at. al , 991 , ° 
CAMs bind to specific carbohydrates, glycoproteins' 

10 " T rUSeS ^ antlb ° dles ' ^ey represent a potential 

10 target for therapeutics. 31 



15 



30 



35 



lo-al The "I"" 0 " C ° ntem P la "^ ">« an ^proved means of 
Ic-alizmg CAM -based pharmaceutical < = -~ 
expression of a CAM within the cumor VQlume 
«,uire a CAM than i. readilv inducible, but has no 
expression in unirradiated tissues. The inventors 
selected low dose ionizing radiation as the inducino 

agent to promote endothelial cell surf^o " 

j • , i-exx surtace expression of 

candidate molecules, with the aim of • 
20 and «=,-„ ° f usin 9 radioisotopes 

and stereotactic radiotherapy to induce expression of 



CAMs in 



:he vasculature of advanced cancers. 



The findings that acute and subacute clinical 

, " ; 7 rSSPOnSe ^ 3 ° f «*-li Clausen 

J " 1976; Naravan ^d Cliff, 1982; Dunn et aJ 

Prompted the inventors to investigate this area 

Neutrophil margmation of the vasculature and 

infiltration of the perivascular region occurs rapidly 

Allowing irradiation (Reinhold et ai . , 1990 ; H opewel 

r 1992: « ^< «8«; Matzner et ,1 . ^ 

One of the components of acute lnflammatiQn is enhanced 

aaherence of leukocytes to the endothelium befor- 
extravasation (Cliff tq^i 

1966) • During the inf lammato-v 
reaction, endothelial cells rapidly and transient^ ' 
produce a number of glycoproteins that influence ' 
neutrophil binding (Pober and Cotran, 1990). 
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Examples of inducible glycoproteins expressed 
rapidly and transiently within the lumen of blood vessels 
include the selectins E-selectin and P-selectin, which 
have low constitutive expression and serve as receptors 
for neutrophils and lymphocytes (Montgomery et al . , 1991; 
Ghersa et ai . , 1992; Swerlick L Lawley, 1993). Other 
adhesion molecules, such as 1CAM-1 and VCAM-1, have 
higher constitutive expression that increase following 
exposure to cytokines. Prior to the inventors' work, it 
was unclear as to which, if any, of these potential 
targets would prove to be a useful target in a practical 
sense . 



Because of the association between oxidant injury 
and expression of adhesion molecules on the surface of 
endothelial cells, the inventor quantified expression of 
E-selectin, VCAM, I CAM, P-selectin in irradiated 
endothelial cells. Primary culture HUVEC cells were 
expanded from single umbilical veins irradiated followed 
by fixation and incubation with antibodies to adhesion 
molecules (R&D systems) . The percentage of cells 
binding the antibody to E-selectin increased from 1 to 3% 
in untreated controls to 15 to 32% at 4 h following 
irradiation. In comparison, there was no significant 
increase in the percentage of cells binding antibodies to 
P-selection or VCAM following irradiation. The 
percentage of cells binding the antibody to 1CAM 
increased from 20 to 30% in untreated controls to 50 to 
65% at 20 h following irradiation. In comparison, 
interleukm- 1 was used as a positive control and 
increased the expression of each of the adhesion 
molecules by 20 fold for E-selection, 3 fold each for 
I CAM, VCAM and P-selectin. 



To examine the time dependent increase in 
radiation-mediated adhesion molecule expression, HUVEC 
cells were irradiated with 10 Gy and incubated with 
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an.iooay at 2 h intervals. The :ncrease in E-seiecrion 
expression began at 2 h, peaked at 4 to 6 h and 
returned to baseline at 20 h. In contrast I CAM * 
expression remained at baseline levels until ^6 h 
following irradiation and peak expression plateaued at 24 
to 36 h following irradiation. 
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To study the dose dependence of x - rav-media^ ed 
adhesion molecule expression, HUVEC cells were irradiated 
with a dose range from 0.5 to 50 Gy and cells were 
scraped at 4 or 24 h. E-selectin expression increased at 
4 h following exposure to 0 . 5 Gy and increased in a dose 

aependent manner until 20 Gy after which nl„. = „ 

reached. when cells were scraped and incubated wi 7 h 

witn^oV 4 " f0ll ° Wln9 lr - dl — ' only cells treated 
with 20 Gy or greater had a persistent increase in 
E-selectm expression as compared to those treated with 
lower doses that returned to baseline. In contrast , ICAM 

20 In in eXPreSSSd - *-™y d — below 5 Gy, but showed 
an increase at 24 h when treated with higher doses. 

These data indicate that E-selectin is induced 
transiently following low doses of irradiation whUe 

AM induction requires high radiation doses and 
expression is more prolonged and PCAM and VCAM are no^ 

^ r radl — ™e inventors also found\nat 
PKC T , lndUCtl ° n ln i««di.ted endothelial cells is 

a d Ha", f\ " regUirSS NFkB sequence 

a-a Kat-i kinase activity. 



Several classes of molecules bind to E-se^t^ 
including carbohydrates such as glycyrrhizm and s "a^ 
^ewis X/A, monoclonal antibodies to E-selectm and * ^ 
polymorphonuclear neutrophils. Con 3 ugatior of' 
Pharmaceuticals to molecules that bind E-selectm < s 
contemplated to allow localization of many classes^ 
Pharmaceuticals (Kanoka et al . , 1990) . These lnclude 



now 
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chemotherapeutic agents, radiopharmaceuticals, and gene 
therapy delivery systems such as liposomes, and 
lysosomes. Moreover, preliminary results of gene therapy 
in the treatment of cancer have had encouraging results 
5 (Gutierrez et aJ . , 1992), and can now be improved using 
E-selectin-targeting agents . 

This invention therefore provides E-selectin 
conjugated pharmaceuticals that are directed to locally 

10 advanced cancers following radiat i on - indue t ion of 

E-selectin. The invention is also intended for use in 
benign neoplasms, including meningiomas, arteriovenous 
malformations, hemangiomas and the like. Additionally, 
the invention may be employed in the treatment of other 

15 vascular diseases, such as diabetic retinopathy, because 
these treatments will destroy the aberrant vasculature 
as the presently used laser treatment does. 

The following examples are included to demonstrate 
20 preferred embodiments of the invention. It should be 
appreciated by those of skill m the art that the 
techniques disclosed in the examples that follow 
represent techniques discovered by the inventors to 
function well in the practice of the invention, and thus 
25 can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in 
light of the present disclosure, appreciate that many 
changes can be made in the specific embodiments that are 
disclosed and still obtain a like or similar result 
30 without departing from the spirit and scope of the 
invent ion . 
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EXAMPLE T 
Cells by Ioni^n^ p^-^,.^ 

This example shows that when the human endoth^ia^ 
cells HUVEC and HMEC are exposed to ionizing radian 
they exhibit dose and time-dependent increases in l he 
endothelial leukocyte adhesion molecule E-selec^ in 
tne absence of changes in VCAM-1. P-selectin and GMP 140 
protein levels. 
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The acute and subacute clinical manifestations of 

longing radiation mimic the inflammation ~«. 

number of stimuli. For example, radiation Educed 
pneumonitis, cystitis, mucositis, esophagitis and 
dermatitis each demonstrate inflammation as a predominant 
component (Slauson et al 197* n Predominant 
et al 11)qi , „ '' ° Unn et ai - 1986 -- Ward 

" ' 1993) - Fu "hermore, ionizing radiation is 

20 :::;:; d MUtr ° Philic — and interstitial 

in^ammation (Narayan, 1982; Slauson et al , 976 . 

Fa D ardo and Berthrong, 1988). 



The pathophysiology of these sequelae 1£ 
m ?; nati6n ° f in the vasculature and 

(^inhir d Ci ° n ^ PeriVaSCUl - -9io„ after irradiation 

6 " " 199 °'- H ° PeWe11 « -i-. 1993; Dunn 

of T'' ^ 1988) " ^creased adherence 

c neutrophils to endothelial cells occurs during acute 
pulmonary radiation injury (Slauson et al 1976} 

ceTls a t r o y b T 9en radiC3lS alS ° h — endothelial 

celxs to bind neutrophils (Patel et al . , i 991) . 



Endothelial cells exposed to ionizing radiation 
respond in a manner analogous to that observed durino 
inflan,mation - Th - response is associated with 
leukocyte margination and an increase in vascular 
. -_^ y . ihese processes may account for the 



DOCID <WO , 9625947A2 l_> 



WO 96/25947 



PCT/US96/02796 



- 22 - 

pathogenesis of radiation injury (Hopewell et al . , 1993) 
An understanding of the pathophysiology of the 
radiation-mediated inflammatory response will facilitate 
pharmacologic intervention for these sequelae of 
E> radiation therapy. 



15 



25 



30 



Endothelial cells rapidly and transiently produce a 
number of glycoproteins that influence neutrophil binding 
during the inflammatory reaction (Pober and Cotran, 
1990). The potential pathology associated with 
expression of these proteins on the surface of the 
endothelium is avoided by their virtual absence prior to 
stimulation with cytokines or oxidants (Read et al . . 
1994; Bevilacqua et al . , 1989). 



Examples of inducible glycoproteins expressed 
rapidly and transiently within the lumina of blood 
vessels include E-selectin and P-selectin which have low 
constitutive expression and serve as receptors for 
20 neutrophils and lymphocytes (Bevilacqua, 1993; Pober and 
Cotran, 1990) . This highly restrained transcriptional 
regulation is in contrast to that of other adhesion 
molecules such as ICAM-l and VCAM-i, which have higher 
constitutive expression that increases further after 
exposure to cytokines. 



The transcriptional regulation of E-selectin is 
judiciously controlled (Montgomery et al . , 1991; Ghersa 
et al . , 1992) because of its pivotal role in the 
endothelial cell response during inflammation and 
hypoxia, whereas ICAM induction is regulated less 
vigorously. Due to the association between oxidant 
injury and the expression of adhesion molecules on the 
surface of endothelial cells, the inventors chose to 
35 quantify the expression of E-selectm, VCA.M , ICAM, and 
P-selectin in irradiated endothelial cells. The 
inventors found that the expression of E-selectm and 



SDOCID <WO 9625947A2_ I > 



WO 96/25947 



PCT/US96/02796 



ICAM l. increased following lrr . di « ion . ln a tlme 

analogous to that observed after emulation „ <th 

cytokine . 

^ A. Materials and Methods 
1- Cell Culture 

Pr-ary cultures of human umbilical vein endothelial 
cells (HUVEC, were prepared from fresh (<24 h old) h, 
u^ilid veins transported to the laborer 
buffer at 4 *c. The ^ _ £ ^ 

collagenase, and incubated at 37 . C for 15 mm CeUs 
wer fl U5hed and complete adde ^ ^ 

centrifugation at 2000 rpm for s ^- _ 

discarded. The cell De ]] P r ' """" ^ bUpernatanc Was 

n - . ei " P ellec was resuspended and 

maintained in Ml 99 with 10 % fetal calf serum, 10% human 
serum Pen/Strep/Amphotericm B solution (Sigma, on 
.elatin-coated (0 . 2%) tissue culture dishes at 3 7-c in 5% 
CO Confluent cells were subcultured with 0 I s - 

collagenase 0.01% EDTA . Cells (HTTVFri 
nn <- = j-xs (HUVEC were used a- t- h -; 

™ Passage,- tnrs reduced che nu mb er of passenger 111 a J 
alow £or uni f orm expression of ce llu lar adnes.on 

molecules. 



25 w h !" d ° thelial Cells f ™ human dermis immortalized 
25 with SV40 (HMEC, (Ades et al 1990, „ • S ^ 2ed 

enHor , , . , . 199 2) were maintained m 

endothelial basal medium MCDB131 (Gibco/BRL) 1 
with 15s. fro nn , , iwoco/BRL) supplemented 

( , ' FBS ' 10 ng/ml ^dermal growth factor 
(Collaborative Biomedical Products), 1 Mg/rn , 
nyarocortisone (Sigma), and Pen/Strep 

2. Quan ti£ic , cion o£ adhesion molecules . n irradiated 

endothelial cells 

HUVEC and HMEC cells were grown to 90% confluence 

ana irradiated with a GE Maxitron x-ray aenerator as 

previously described (Hallahan et al . , ,l B9) . c ^ s Wfi _ 

removed from flasks with 0 1 *- r-r^ i = 

^ ltn u -° collagenase, 0.01% EDTA, 

- • - - ° iio^i ana pelleted in i tvtc 

p x±ecea m 12x75 mm polystyrene tubes. 



35 
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The supernatant was discarded and the cells were 
incubated with primary IgG : antibody (mouse ant i -human 
ICAM-1 and E- select in- 1 ; R&D Systems, Inc., Minneapolis, 
MN) for 20 min at 4°C. 

5 

The cells were then rinsed with isotonic phosphate 
buffered saline (PBS) , pelleted and incubated with 
FITC-conjugated secondary antibody (goat anti-mouse IgG- ) 
for 20 min at 4°C. The fluorescent ly labeled cells were 
10 rinsed in PBS and fixed in PBS containing 0.01% 

paraformaldehyde. Nonspecific binding was evaluated 
with the use of FITC-conjugated secondary antibody alone 
and with a lymphocyte specific first-step antibody, 
anri-CD, , which does not bind to endothelial cells. 

IB 

Fluorescence activated cell sorting (FACS) analysis 
was utilized for quantitation of receptor expression of 
ICAM-1 and E-selectin on HUVEC . The Becton Dickinson 
FACScanner was used with Lysis II software. Forward and 

20 side scatter fluorescence data identified 10,000 viable 
endothelial cells in each experimental group for 
unlabeled cells, nonspecific-antibody- labelled cells, 
I CAM- 1 - labeled cells and E- select in- labeled cells. 
Fluorescence data were then accumulated on each group of 

25 10,000 cells at 530 nm, the wavelength emitted by FITC 

The fluorescence data were expressed as histograms 
of events versus log fluorescence and analyzed in 
comparison to the autof luorescence of unlabelled cells as 

3 0 well as the fluorescence of baseline I CAM - 1 labelled or 
E-selectm-1 labeled cells as appropriate. During 
inhibition studies, PKC inhibitors H7 100 nM and 
staurosporin lOnM or Phosphol ipase A2 inhibitors B?E IGuM 
or mepacrine 20 nK were added to cell cultures 30 min 

35 prior to irradiation. 
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3. RNA analysis 

HUVEC cells were grown to 90% confluence and exposed 

to x-rays (10 Gy, GE Maxitron x-ray generator) a * * 
_ Previously described (Hallahan, 1989) . RNA was 
= with the sxngle-step guanidinium 

thxocyanate-phenol/chloroform method (Chomczynski and 
Sacchi , 1987) at 1 h after -i >->-=, * -; • 

a£ter lrra ^auon. Control RNA was 
obtaxned from nonirradxated cells treated under otherwise 
ld6ntlCal conditions. RNA was si ze - f ract i onated by i% 
agarose formaldehyde electrophoresis. Ethidium bromide 
staining of the RNA demonstrated equal loading o^ each 

lane. RNA gels were then transferred ro a „ n 
lr . antierrea to a nyion me morane 

(Genescreen Plus, New England Nuclear). v_ u, 0 . s 

W " e h ^dxzed to « P labeled E-selectin cDNA (Co- 'ns 
" aJ -' 1991) Pr ° be snowed by autoradiography fo . 3 
days at -85°C with intensifying screens. 

B- Results 

1. Quantitation of adhesion molecules in irradiated 



25 



30 



HUVEC 



To determine the effects of cell adhesion molecules 
nventors expanded primary culture HUVEC from single' 
human umbxlxcal vexns that were xrradiated, followed by 
fixation and incubation with antibodies to E-selectin 
P-selectin. ICAM-1, and VCAK . The log fluorescence of 
cells incubated with the antibody to E-selectin shifted 
by 15 to 32% at 4 h after irradiation (FIG . 1A) . In 
comparison, the log fluorescence of cells incubated with 
^he antibody to ICAM shifted by 30 to 35% a^ 20 h a-e>- 
xrradiation (FIG. 1A , . However, there was no signify- 
increase m P-selectin or VCAM protein expression 
following irradiation. Interleukm- 1 (i L - i; as us . d ^ fi 
positive control and shifted the log fluorescent ^o^ 
E-selectin by 43%, ICAM-1 (31%), VCAM-1 ,25%), and 
35 P-selectin (30%). These data xndxcate that x-ray 

induction of CAM'S xs specif xc for E-selectin and I CAM 
whereas IL-1 induces ail CAM'S quantified 
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To examine the time-dependent increase in the 
radiation-mediated expression of cell adhesion molecules, 
the inventors irradiated HUVEC with 10 Gy and incubated 
them with antibody at 2 h intervals after irradiation. 
E-selectin expression began to increase at 2 h, peaked at 
4 to 6 h, and gradually returned to baseline at 20 h 
(FIG. IB). In contrast, ICAM expression remained at 
baseline levels until 16 h after irradiation, and peak 
expression occurred at 24 to 36 h following irradiation. 



:om 



HUVEC were then irradiated with doses rangina f: 
0.5 to 50 Gy and assayed at 4 or 24 h for study of the 
dose dependence of the x-ray-mediated expression of ceil 
adhesion molecules. E-selectin expression increased at 4 
15 h after exposure to 0.5 Gy and increased in a dose 
dependent manner up to 20 Gy, where a plateau was 
reached. When cells were assayed at 24 h following 
irradiation, only cells treated with 20 Gy or higher 
doses had a persistent increase in E-selectin expression, 
whereas those treated with lower doses approximated 
baseline expression. In contrast, ICAM expression was 
not increased at x-ray doses below 5 Gy, but 
demonstratable increases occurred at 24 h when treated 
with higher doses. These data indicate that E-selectin 
is induced transiently after low doses of irradiation, 
whereas I CAM induction requires high radiation doses and 
is sustained . 



2. E-Selectin Gene Expression in Irradiated HUVEC 

HUVEC cells were exposed to x-rays (10 Gy) and RNA 
was extracted at 1 h intervals after irradiation. 
Northern blots were hybridized to "~P labeled E-selectin 
cDNA (Collins, 1991) . FIG. 2A shows increased E-selectm 
RNA at 2 h after irradiation. Because increases in 
E-selectin are regulated at the level of transcription in 
response to cytokines and hypoxia/reoxygenat ion , the 
inventors transfected HUVEC or HMEC with the E-selectin 
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promoter (-578 to + 35> linked r o 

unKed to the growth hormone 
reporter gene ( pE (-578 to +35)- GH ) t 

control cells were , rra(J< r "\ GH) - T "nsfectants and 

us were eradiated wuh 10 G y at 16 h after 
transfectxon with liposo.es. Growth ^ ^ 

zt:: h ° f af e r otheiiai ceiis was * 24 

ana 48 h after irradiation. 
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no d tran8feCted Wlth Pl — d PTK-GH demonstrated 

no r ad n inductlQn< whereas thQse ^ 

P asmi d p E ( . 578 tQ +35) -GH had a 7-£old (HUVEC, to 
10- f olo HMEC) increase m expression afr e . irradia -• 
a^c d to untreated controls (piQ ^ ™ on 

HUVE. transfected with the LacZ exor PR ^n ,._ 0x * 
produce hGH after irradiation. " ^ ^ 

c - Results 

n maal step ln inflammation (Jones era!., 1995 , To 
beg ln investigating this process m rad,' 

irflammaf- - P S ln "diation-mediated 

course of ° £ end0thSlial The t lme 

tLt E se i t ^ »"-ul."on with c. rt J in 

that E-selectm increases after , h and is transient 
whereas I CAM is induced after 20 h and = " ns "n., 
(Sponger, 1994, S prolonged 



' irradiation of tumor cell lines and huma- 
e f er " al ^atmocytes (Behr.nds e E al., 1994) 
rt S10n m0leCUl " -ith oligosaccharides on t„. 

» l i ce m :: r ::r c r es mediatins the romns ° f « 

asculature (Nelson et ai . , 1993,. Jones 
et al., 1995) . Thus> x . ray _ medlated c ^ expressiQr _ ^ 
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endothelial cells may play a role m the inflammatory 
effects of ionizing radiation . 

The inventors propose that the clinical relevance of 
5 CAM induction by x-rays is that radiat ion - induced 

vascular injury may involve induction of E-selectin and 
ICAM within endothelial cells. This is supported by the 
association of reactive oxygen species in the development 
of atherosclerosis (Collins, 1993) and renal injury from 

10 radiation (Jaenke et al . , 1993). In this regard, 

endothelial cells are continuously exposed to various 
forms of reactive oxygen species. For example, H.O and 
other oxygen radicals are produced by granulocytes and 
macrophages during inflammation and reoxygenat ion (Dowell 

15 et al. , 1993 ) . 

In addition to the findings in this study, 
endothelial cells respond to ionizing radiation with the 
release of chemoat t rac t ant s and eicosanoids (Eldor 

20 et al., 1989; Eldor et al . , 1989). Furthermore, 

cytokines such as TNF and IL-1 are induced by x-rays 
(Hallahan et al . , 1993). However, the inventors 
quantified these cytokines in irradiated endothelial 
cells using ELISA and found no induction. These 

25 processes are thought to result in the pathogenesis of 

organ injury following ionizing radiation exposure. The 
inventors now propose that vascular injury within 
irradiated tissues occurs through the activation of a 
local inflammatory response mediated by adhesion 

30 molecules as well as cytokines (Hallahan et al . , 1989) 
The clinical implication of these findings is that CAM 
ligands (Nelson et al . , 1993; Narasmga Rao et al . , 1994 ; 
may be effective in the treatment or prevention of the 
inflammatory component of radiotherapy. 
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EXAMPLE TT 
The NFkB Seoupnr e j s Required fnr 
E-selecti n Induction 

5 This example shows that the NFkB binding site within 

the promoter region of E-selectin (-578 to +35) is 
required for x-ray induction of the E-selectin ' structural 
gene, and that the nuclear protein binds to the 
S-selectin-NFkB sequence. 

The promoter region of E-selectin contains an NFkB 
binamg region (Montgomery et aJ . , 1991) which is 
necessary for induction following scimularion with tumor 
necrosis factor (TNF) (Whelan et ai . , 1991). NFkB ' 
rapidly activates gene expression during inflammation and 
the immune response. The NFkB motif in the E-seiec^m 
promoter (GGGGATTTCC; SEQ ID NO:!) is in agreement with 
the consensus sequence ( GGRNTTTCC ) for binding of p65 
(Kunich et aJ . , 1992). 

NFkB is a multi-subunit transcription factor which 
15 Presenc in the cytoplasm while complied to IkB and 
which consists of a P S0 and p65 heterodimer. Af^er 
appropriate phosphorylation reactions, NFkB translocates 
to the nucleus where it binds to an 11-base-oair 
sequence, GGRNTTTCC, to regulate expression of a numbe>- 
of genes (Pober and Cotran, 1990) . 

Affinity of NFkB for DNA binding is activated by 
many pathogenic agents including viral products 
cytokines, hypoxia (Koong et al . . 1994), reactive cxvgen 
intermediates (ROIs) (Meyer et al„ 19 93) and radiation 
(Prasad et. al . , 1994 ). The inventors therefore analyzed 
the role of NFkB activation following irradiation with 
x-rays. It was found that the NFkB binding region with— 
the E-selectin promoter is required for transcriptional 
activation. 
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A. Materials and Methods 

1 • Nuclear Protein Analysis 

Electrophoretic mobility shift assays of nuclear 
protein extracts from irradiated HUVEC cells at 90% 
5 confluence were performed as follows. Nuclear extracts 
were prepared according to previously described methods 
(Schreiber et al . , 1989) at 10, 20, 30, and 60 min after 
irradiation. HUVEC cells (10*) were washed in 10 ml PBS, 
scraped, and pelleted by centrif ugat ion at 1500 g for 5 
10 min and the cell pellet was resuspended in 400 ^1 of cold 
buffer A (10 mM HEPES , pH 7.9; 10 mM KC1 ; 0 . 1 mM EDTA; 
1 mM DTT; 0 . 5 mM PMSF; 1 fig /ml leupeptin, and 5 fig /ml 
aprotinin) . 

i5 The cells were allowed to swell on ice for 15 min, 

followed by the addition of 25 til of 10% NP-40, and 
vortexed for 10 sec at high speed. The mixture was 
centrifuged for 30 sec and the nuclear pellet resuspended 
in 50 /il of ice-cold buffer B (20 mM HEPES , pH 7.9; 0.4 M 

20 NaCl; 1 mM EDTA; 1 mM DTT; 1 mM PMSF; 25% glycerol; 1 

Mg/ml leupeptin and 5 ^g/ml aprotinin), homogenized, and 
rocked vigorously for 15 min. The nuclear extract was 
then centrifuged for 5 min. Protein content was 
determined by the Bradford method (Bio-Rad) 

25 

The E- select in NFkB binding sequence ( 5 ' AGCTTAGAGGGG 
ATTTCCG AG AGGA - 3 ' ; SEQ ID NO : 2 ) was end-labeled with 
a[- ;L P]ATP by use of polynucleotide kinase. Binding 
assays were performed by incubation of the end-labeled 

30 DNA (1 ng) with 10 M9 of nuclear protein, 75 mM KC1 , 250 
mM NaCl, 5mM DTT, 5 mM EDTA, 2 5 - i - glycerol , and 2 
/xg/sample of poly (dl-dC) in a 25 ^1 reaction for 2C mm 
at room temperature. Competition studies were performed 
with oligonucleotides corresponding to the known 

35 cis-acting elements E-selectin NFkB ( 5 ' AGCTTAGAGGGG 

ATTTCCG AGAGGA - 3 ' ; SEQ ID NO : 2 ) and AP-1 (BRL-GIBCO) at a 
100-fold molar excess as compared to the labeled 
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f T nt£ " ^ reaCtl ° n P-ducs were separated bv 6% 
nondenatunng polyacrylam.de' gel electrophoresis , d^ed 
and analyzed by autoradiography. 

5 Gel supershift assays were performed as deserved 

above, with the exception that, subsequent to ln cubat:on 
o. oligonucleotide probes with nuclear extracts ~> Mg Q f 
affmity purified rabbit polyclonal antibody raised 
against human NFkB P 65 and p50 or 5 „1 crude rabbit an^i 
10 human c-rel (obtained from N . Rice; N.I.H.) was added to 
the reaction mixture and incubated for 15-30 mm. 

2. Analysis of Transcriptional Regulation 

15 „ PlaSmld P E - se ^"587 + 3S)GH or pE-sel(-587 . 3 5 ) GH . 
(5 „ g > was cotransfected with a plasmid containing a CMV 
promoter H nke d to the LacZ gene Q „ g) and 12 , g Qf 
carrier DNA into HMEC or HUVEC cells grown to 90% 
confluence by use of lipofection. The medium was changed 
to opt 1MEM , and cells were transfected with Lipofectin" 
Reagent (BRL-GIBCO, for 8 h, followed by the addition of 
complete medium and incubation overnight . Transfers 
were incubated for 16 h ^frov- t- ^ x 

ib n after transf ect ion followed bv 
treatment with in nv fi r*,, /~ ■ 

10 Gy ,1 Gy/mm, GE Maxitron) of lonizinq 

25 raQlaCl0n ' w^h TNF or IL-1. Allguots of the 

were assayed for growth hormone by ELISA . The cells were 
harvested by scraping at 36 h . lysed , and fi galactQsldase 
levels were quantified in extracts to normalized 

transfection ef f icienc -i T v, 0 

-uciencies. The means and standard e^ors 

3 studies are presented. 



20 



30 



35 



3. Enzyme linked immunosorbent assays 

HUVEC and HMEC cells were grown to 90% confluence 
followed by treatment with 20 Gy (1 Gy/mm, GE Maxitron) 
ionizing radiation. Aliquots of the medium were assayed 
for growth hormone by ELISA assay. The cells were 
harvested by scraping at 16 and 36 h and lvsed a ^ — 
levels were quantified again by ELISA (R&D Systems) 
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Human growth hormone was released into the medium. This 
was quantified by hGH ELISA (BRL-Gibco) . 



B. Results 

5 1. NFkB is required for x-ray induction of E-selectin 

The promoter region of E-selectin contains an NFkB 
binding region (Montgomery et al . , 1991) which is 
necessary for induction of E-selectin after stimulation 
with TNF (Whelan et al . , 1991). The NFkB motif in the 
10 E-selectin promoter { GGGGATTTCC ; SEQ ID NO : 1 ) is in 

agreement with the consensus sequence (GGRNTTTCC) for p65 
binding (Kunich et al . , 1992). 



To determine the role of NFkB in E-selectin 
15 induction after irradiation, the inventors analyzed the 

effects of irradiation on transcription of the E-selectin 
with a deletion mutation of the E-selectin NFkB binding 
Site (5 ' -AGCTTAGAGGGG ATTTCCG AGAGGA- 3 ' ; SEQ ID NO : 2 ) 
(pE(-578) -GHAkB) . Endothelial cells transfected with 
20 plasmid pE(-578) -GHAkB had a 0.9-fold (HUVEC) to 

1.1-fold (HMEC) increase in expression after irradiation 
as compared to untreated controls (FIG. 2B) 

2. Nuclear Proteins from Irradiated Endothelial Cells 
25 Bind the E-selectin NFkB sequence 

To determine whether nuclear proteins bind to the 
E-selectin NFkB sequence after irradiation of endothelial 
cells, nuclear proteins were isolated at 15, 20, 25, 30, 
45, and 60 min after irradiation of HUVEC. The 

30 end-labeled E-selectin NFkB binding site ( 5 ' -AGCTTAGAGGGG 
ATTTCCG AGAGGA- 3 ' ; SEQ ID NO : 2 ) was incubated with 
nuclear protein extracts and separated by acrylamide gel 
electrophoresis (FIG. 3A) . This demonstrated increased 
binding of nuclear proteins to the labeled NFkB sequence, 

35 resulting in a banding pattern like that produced by 
treatment with IL-1 and TNF together. 
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was l"T eled ' COld! E — 1 «'« ln bindino seouence 

; ; to — — e led NFks mixtures «- 10 -. j 

1000-fold excess, which prevented labeled DNA £rolP 
binding as the mobility gel shift banding patter was 
» eliminated. Unlabeled .cold, AP-! consensus 
not interfere with the protei„- DKA interaction 
indicating that this interaction is specific for NPltB 



^ Because the mobility gel shift banding pattern 
-ol. owing x-rrradiation resembles that following 

J;;"" 13110 " " ith "- 1 «■> ™F and because thes/cyto k .„es 
activate p65 and pSO binding to the NFkB - 

7 UtnCe ' the i"v.„tor. studied the role of 'the'sTnuclear 
proteins in radiation-mediated E-selectin induction. 

To determine which of the XB binding proteins 
participates in binding to the E-selectin NFkB binding 
Si.e AGCTTAGAGGGG ATTTCCG AGAGGA - 3 ' ; SE 0 ID NO ■ 2 , 

he inventors added antibodies to human pso, P SS . and' 
re. to nuclear protein/DNA mixtures. Nuclear protein 

su "" f r;: b :r d with pso and p6s . 

supershift m the mobility crel =;hiff = 

j-j.>_y yea. snirt assay, whe^ea^ r . ro i 
antiserum did not shifr rh. k S C rel 

n0t Shlft th * bandang pattern (FIG . 3B) 
Ant.boa.es to Jun and Pos were selected because tn~ 
I:;:"" — usly shown that these transection 

factors are activated by x-rays (Hallahan at a,., 1992> 
These antibodies did not alter the banding D attern ^he 
-bility gel shift, indicating that this was not a ' 
nonspecific protein-DNA interaction. 

C Discussion 

NFkB is both an important mediator of the ce^u^ 
response to ionizing radiation and participates ' 
transcriptional regulation of adhesion molecules The 
inventors investigated the role of NFkB activa-o^ 
transcriptional regulation of E-selectin within 
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irradiated endothelial cells. Similar observations were 
made in lymphoblastoid cells after irradiation (3rach 
et al . , 1991 ) . 



5 NFkB is activated by H ? 0 ? , whereas activation by 

other stimulants is prevented by antioxidants (Schreck 
et al., 1991; Meyer et al . , 1993). Oxidant activation of 
NFkB does not occur directly (Schreck et al . , 1992} but 
metabol ism of H 2 0 r or intracellular reactions such as 

10 oxidation of membrane lipids are first required. 

Phospholipase A2 activation may play an important role in 
the initiation of signal transduction within cells 
exposed to oxidants (Gustafson et al., 1991). In the 
present study however, phospholipase A2 inhibitors did 

15 not prevent NFkB activation and subsequent E-selectm 
induction in irradiated endothelial cells. 

The role of ROIs in NFkB activation is demonstrated 
by NAC and PDTC, which block the activation of NFkB by a 
number of agents, including cycloheximide , double 
stranded RNA , calcium ionophore, TNF , phorbol esters, IL- 
1, LPS and lectins (Ziegler et al . , 1993). Taken 
together with findings in the present study, NFkB plays a 
major role in signaling following exposure of endothelial 
25 cells to ROIs. 
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EXAMPLE III 
Raf - 1 Kinase is Necessary for X-ray 
Induction of E- select in 

Using the methods described in Example I and Example 
II, the present example shows that the dominant negative 
Raf-l kinase (raf-301) blocks x-ray induction cf the 
E-selectin promoter . 

NFkB in the cytoplasm is complexed to IkB. IkB 
phosphorylation and dissociation from NFkB is dependent 
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upon signal transduction throng 

or Ra f ^ w through protein kinase C (?KC! 

or Raf-, k i nase pathways (Li and Sedivy 1993 . 
Baldwin, 1993) NPtE , ^' 1S9j - Finco and 

. 1993). NFkB subsequently translocates to the 
nucleus where it regulates gene expression The 
inventors analyzed the role of NFkB activation following 
-ray-mediated PKC activation, and found E-selectin 
promoter activity to be PKC- independent . 

1. PKC and P LA 2 inhibition does not influence 
x-ray-mediated E-selectin induction 

tranJ^ PartiC±pateS in ^ h NFkB activation and signal 
an d n d by ioni2ing radiacion £ 

£ a1 -' 1991) - furthermore, PLA2 part.Hn^.. 
-ee-radical and x - ray-mediated PKC activ^r™ < 
15 induction (Hallahan et ai 199l) ^ 9Me 

PLA2 nr v>*r ' 91) ' To aete ™me whether 

inh i lndu ="°". the inventors added the PKC 

t t0rS H? "«~-P"in °r the PLA2 inhibitors BpB 

" P 5 '° HUVEC h Pri " e ° -radiation. 

r oi lowmq irradi ^ t- -> on i i 

dlatl ° n ' cells w ere scraped and E-selectm 

?r tifi : d by antibody iabeu - » d «~ ::r 

Radiation-mediated E-selectin r^-^ ~- 

iectln production was not 

attenuated by pretreatment with inhibitors (FIG. 4i . 
25 2. The Raf . 2 kina8e dom . nant 3Q 

prevents transcriptional activation of the 

E-selectin promoter 

act^ItedT 1 kinaSe - d ^" de " signaling pathway is 
activateo by ionizing radiation, independent of P K - and 
30 participates in NFkB activation. One „eans of 

specifically analysing the role of Raf-l kinase is -he 
use of the Raf-i dominant negative (Raf 301, ,Po~as 
« -2 i 994 , „ ith a mutation ac the ATp b . 

which binds substrate but does not phosphoryla t e . when 

pr.ssea, Raf 301 competitively inhibits the 
function of the wild-type enzyme. 
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HMEC were cot rans f ect ed with pE (-576+32) - GH and Raf 
301. The Raf 302 construct has the antisense orientation 
of the dominant negative and served as control. Raf 302 
transf ectants demonstrated a 4.5-fold increase in 
induction as compared to untreated controls (FIG. 5). 
Transf ectants containing Raf 301 demonstrated a 50% 
decrease in basal expression of pE(-578) -GH and no 
induction after x- irradiation , whereas IL-1 and TNF 
induction of pE(-578) -GH remained 4.5- to 5.5-fold 
despite cot rans feet ion with Raf 301. Similar results 
were observed in HUVEC cotransf ected with pE(-578) -GH 
and Raf 301, indicating that x - ray - media t ed E-selectin 
induction occurs via a signaling pathway distinct from 
that activated by IL-1 and TNF. 

C. Discussion 

Although ionizing radiation causes injury to DNA 
(Ward, 1988; Walker, 1985), cytoplasmic signal 
transduction participates in x-ray-mediated induction of 
some genes (Hallahan et al . , 1991; hallahan et al . , 1993; 
Uckun et al. t 1992; Kharbanda et al . , 1994). PKC , for 
example, is activated rapidly and transiently following 
irradiation, and PKC inhibitors prevent 

radiation-mediated induction of gene expression (Hallahan 
et al . , 1991). The importance of this signal 
transduction pathway is that PKC-dependent signaling 
plays an important role in the response to both oxidative 
stress (Larsson and Cerutti, 1989) and the activation of 
NFkB (Schreck et al . , 1992). Despite the strong 
association between radiation and PKC signaling, PKC 
inhibitors failed to attenuate radiation-mediated 
induct ion of E-selectin. 



As Raf-1 protein kinase has been shown to 
participate in PKC- independent signaling (Williams and 
Roberts, 1994), the inventors utilized the dominant 
negat lve Raf 3 01 and found that it prevented 
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transcriptional activation of the F «, 

x-ravc; >r<u , ne E - se lectm promoter bv 

x rays. These data are supported by findings tha^ Raf { 
^nase activation is associated with IkB phlphoryl" on 
_ dissociation fro, NFkB , and subsequent *B sn LeL ' 
> induction of gene expression (Li and Sedlvy< ^J^Zo 
and Baldwin, I993) . The inventors found however tW 
raf301 did not prevent TNF induction of E-selectm 
indicating that this is not a nonspecific inhibition 
Ther efore , x- ray-mediated Raf kinase dependent sianalmg 
^ distinct from that required for TN^ and tt , ■ " « 
of E-selectm. IL_1 lnQuction 



EXAMPLK TV 

Many methods are available to induce E-selectm 
expression m tumor vasculature endothelial ce 
WVD ' aS amplified by the following. 

endoth" iTii.i E ; s ir:::" express - in — 

eus ln ^vc one would oenpnn. 
the rpiic t-^ ■ generally, expose 

activa s t : r:::::: ln ra P diation at a dose s — - 

of the E select ter and to induce expression 

the E-selectm structural gene. when using the 
invention to treat canr-e- *- u y 

treat cancer, the tumor site itse^ w ,il 

generally be subjected to x-ray irradiation " 
-P.tx.lly controlled E-selectin induction, which is f 
particular advantage of this invention. 



The inventors have shown that E-selectin expr-ssic 
by hu ma „ endothelial cells i s proportional EO th ! ~ dos J 
ionizing radiation (Example IK E;£ectlve doses " 
found to be between about O.s Gy to abo„: 50 Gy „< t , 
E-seleotin expression increasing at « h after exposure 

lor ! CO " tlnUln9 in a d ° sfe dependent manner un 

Gy. v,.ere „ piatea. was reached. Cells treated with" 
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20 Gy or higher doses were found to have a persistent: 
increase in E-selectin expression 24 h following 
irradiation . 



5 Translating the above data into proposed clinical 

doses , the inventors contemplate that the tumors of 
cancer patients will be irradiated with between about 2 
Gy up to a total dose of about 20 Gy . Daily irradiation 
can also be used to persistently induce E-selectin. 
10 Examples of ionizing radiation include not only x-rays, 
but also -y - irradiation . Appropriate doses are 1-20 Gy . 

E-selectin expression may also be induced in vivo in 

tumor vasculature endothelial cells by other means, such 

as, e.g., using about 150 ^m H : 0 : or by reperfusion with 
pO_ > 20. 
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If, in certain clinical environments, E-selectin 
induction is not highly specific and E-selectin is 
expressed in sites of inflammation, hypoxia or 
reoxygenation, pre-existing E-selectin sites will be 
blocked with glycyrrhizin prior to irradiation and 
addition of E-selectin-second agent conjugates or 
mixtures . 

HL-60 cells express the counter receptor for E- 
selectm binding { sialyl Lewis X) and therefore serve as 
the standard for assaying leukocyte adhesion to 
stimulated endothelial cells. Studies were performed to 
study the adhesion of human neutrophils to irradiated 
endothelial cells. HUVEC and HMEC cells were grown to 
90% confluence and irradiated with 2 to 10 Gy . "H 
thymidine labeled HL-60 cells were added 4 hours after 
irradiation and incubated with rocking for 30 minutes. 
35 Cultures ere then washed 3 times and residual adherent 

HL-60 cells were quantified by scraping and scintillation 
counting for : H thymidine. Cell adhesion increased 3 -fold 
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blowing irradiation (2Gy) of HUVECs as compared to 
mock-irradiated controls <p<o.01>. Positlve cont . Qls 

(IL-l stimulated HUVECs ) increased HL-60 cell binding 
^t '^ —ted controls. These studies indicate 
that cell adhesion to endothelial cells increases 
following x-irradiation at a time point when E-sele^tin 
1£ ex P"^ed, but prior to ICAM-1 induction 
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EXAMPLE V 
Antibodies to E-selerUn 



Where antibodies to E-selectin ar. - ■ 

preferred to use monoclonal antibodies (MAbs )' , \Vmay be 
15 obtained from a variety of commercial sources eg 

British Bio-technology Ltd., R * D Systems, AMA Inc ' and 
Imunotech S.A. 

20 bv m ^ Cib ° dieS C ° =-«l«cti„ have been described, e. 9 

by Mulligan et. aJ (1991) tk , y ' ' 

ard CT „_ , * These authors described CL-3 

and c.- j7 , both of which may be used as targeting 
components ln this invention, following radiat ion- induced 
nr SS1M ° f E - Sele — • The methods described in the 

25 Q T ll9an il9 ^ ***** -y also be employed to 

guideline to analyze the level nf f 
fouowing radra.il induct 

solab "° n0 " " ' 1993 ' P»rifi.d recombinant 

soluble mouse t•-q(slpr^lr 1 

~ l6Ctln to immunize rats to gene-at- 
-Abs specific to this form of E-selectin. A pan- 
-Aos directed against mouse E-selectin was charac^- 2 . d 
including five that inhibit the adhesion of HL60 ceUsV 
-ouse neutrophils to COS cells expressino the mouse 
lectm/egf domains. These mAbs have been used to 
cna racterize the expression and function of E-select.n ^ 
AO,ilne stimulated murine endothelial cells. 
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Further suitable ant i - E- select in antibodies have 
been described in the literature. For example, Jutila 
et. al . (1992) and Steinberg et al . (1994) both described 
EL-246, an anti-human E-selectin antibody that recognizes 
5 and blocks E-selectin. 

Groves et. al . (1991); Montefort et. aJ . (1992); 
Moughal et. al . (1992); Keelan et ai . (1994a; 1994b); and 
Chapman et ai . (1994) all reported studies using l . 2B6 ; 

10 and Veale et. al . (1993) used 1 . 3B6 . ENA1 and ENA2 were 
described by Span et al . (1991), Hakkert et. al . (1991) 
and von Asmuth et. al . (1992). BBAI was described by 
Zhang et al . (1994); 9H9 by Olofsson et al . (1994); CL2/6 
by Abbassi et. al . (1993); and BB11 by Sporn et. al . 

IS (1993) . 

Still further useful anti-E-selectin antibodies have 
been described in Kishimoto et al . (1991); Sedmak et al . 
(1994); Neumann et al . (1994); Gosset et al . (1995); Span 
20 et al . (1991) and Ulich et al . (1994) . Cavenagh et al . 

(1993) also described blocking monoclonal antibodies to 
E-selectin . 

Should one wish to prepare a novel anti-E-selectin 
25 MAb, techniques are readily available. Means for 

preparing and characterizing antibodies are well known in 
the art (see, e.g., Antibodies: A Laboratory Manual, 
Cold Spring Harbor Laboratory, 1988; incorporated herein 
by reference) . The methodological references in this 
30 area are supplemented by the specific teachings of, e.g., 
Mulligan et. al . (1991) and Norton et al . (1993). 

The methods for generating MAbs generally begin 
along the same lines as those for preparing polyclonal 
3 5 antibodies. Briefly, a polyclonal antibody is prepared 
by immunizing an animal with an E-selectin immunogenic 
composition and collecting antisera from that immunized 
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animal . A wide ranop , 

n9e 0i anim ^l species can be used for 
he Productxon of antisera. Typically the animal used 
for production of anti -antisera is a rabbit< a mouse a 
rat. a hamster, a guinea pig or a goat . Because of the 
> relatively large blood volume of rabbits, a rabbet is a 
preferred choice for production of polyclonal antibodies. 

As is well known in the art, a given composition may 
vary m its immunogenicity . it is often necessary 
therefore to boost the host immune system, as may be 
achieved by coupling a peptide or polypeptide immunogen 
to a carrier. Exemplary and preferred carriers are 

keyhole limpet heraocvanin fn.u\ i • 

. bovine serum albumin 

(BSA) . other albumins such as ovalbumin, mouse serum 
albumin or rabbit serum albumin can also be used as 
carriers. Means for conjugating a polypeptide to a 
carrier protein are well known in the art and include 
glutaraldehyde, m-maleimidobencoyl -N- hydroxysuccinimide 
ester, carbodiimyde and bis -biazot i zed benzidine. 

As is also well known in the art, the immunogenic!^ 
~ a particular immunogen composition can be enhanced by 
the use of non-specific stimulators of the immune 
response, known as adjuvants. Exemplary and preferred 
adjuvants include complete Freund's adjuvant (a non- 
specific stimulator of the immune response containing 
killed Mycobacteria, tuterculosis ) , incomplete Freund's 
adjuvants and aluminum hydroxide adjuvant. 

The amount of immunogen composition used m the 
production of polyclonal antibodies varies upon the 
nature of the immunogen as well as the animal used ^ 
immunization. A variety of routes can be used to 
administer the immunogen (subcutaneous, intramuscular, 
intradermal, intravenous and intraperitoneal) The 
production of polyclonal antibodies may be momr c ~H k„ 
sampling blood of the immunized animal at various points 
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following immunization. A second, booster injection, may 
also be given. The process of boosting and titering is 
repeated until a suitable titer is achieved. When a 
desired level of immunogenicity is obtained, the 
5 immunized animal can be bled and the serum isolated and 
stored, and/or the animal can be used to generate MAbs . 



MAbs may be readily prepared through use of well- 
known techniques , such as those exemplified in U.S. 

10 Patent 4,196,265, incorporated herein by reference. 

Typically, this technique involves immunizing a suitable 
animal with a selected immunogen composition. In this 
case, the immunogen will generally be a purified or 
partially purified E-selectin protein, polypeptide or 

15 peptide, or even a population of cells known to express 
E-selectin, such as HUVEC stimulated with IL-1/3 or 
irradiated HUVEC. The use of stimulated HUVECs as 
antigens is described by Mulligan et. aJ . (1991), along 
with appropriate selection techniques. 

20 

The immunizing composition, whether purified 
protein- or cell -based, is administered in a manner 
effective to stimulate antibody producing cells. Rodents 
such as mice and rats are preferred animals, however, the 
25 use of rabbit, sheep frog cells is also possible. The 

use of rats may provide certain advantages (Goding, 1986, 
pp. 60-61) , but mice are preferred, with the B ALB / c mouse 
being most preferred as this is most routinely used and 
generally gives a higher percentage of stable fusions. 

30 

Following immunization, somatic cells with the 
potential for producing antibodies, specifically B 
lymphocytes (B cells) , are selected for use in the MAb 
generating protocol. These cells may be obtained from 
35 biopsied spleens, tonsils or lymph nodes, or from a 

peripheral blood sample. Spleen cells and peripheral 
blood cells are preferred, the former because they are a 
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-ich source of an t rbody-producing cells that are ln the 
dividing plasmablast stage, and the l atter because 
peripheral blood is easily accessible. often, a panel of 

spleen lymphocytes obtained by homogenizing the spleen 
With a syringe. Typically, . spleen from an immi2ed 
mouse contains approximately 5 X 10' to 2 X io- 

lymphocytes . 

The antibody-producing B lymphocytes from the 

immunized animal are then fused with cell, ^ 

mvplrim= lcn cells °f an immortal 

myeloma cell, generally one of the same SW r^ e „ 

dIumal that w as immunized. Myeloma CP n n 

nycj.oma cell lines suited for 

use hybridoma-producing fusion procedures preferably 
are non - ant ibody-producing, have high fusion efficiency 
and en 2 yme deficiencies that render then incapable o* 
growing in certain selective media which support the" 
growth of only the desired fused cells .hybrLomas 

1L°:: l £ .™ er ° f -X ^ used, as 



are known to those of skill in the art (G 
«-6 S 19 e 6; Campbell, pp. 75 . 83 . 19841 . cl J s , PP ' Fo , 

56 P3 - X «/Aga, X 6 3-Ag8. G53 . NSl/l.Ag 4 1 Sp210 Ao 3 4 
FO. NSO/U. MPC-11, MPC11 -X4 5-GTG , „ 9 

f or „ ro GTG !' 7 and S194/5XX0 Bui; 

4B210 a„d°r,» ay R21 °- RCY3 - 1-2-3. IRS63F and 

re a;/ f" GM150 °- SRG2 ' "CR-x.0N.HMy2 and UC72 9 - 6 

are all useful ln connection with human cell fusions. 

One preferred murine myeloma cell is the NS - 
myeloma cell l lne (also termed P3 -Ns- 1 -Ag4 - 1 , ub " lc , ls 
readily available from the NIGMS Human Genetic Mu'tant 

3S ZllyT^Tj ^ reqUeS " n9 «» repository number 

■ Al,0thSr " ,OU " «" "ne that may be used 

is the B-azaguanin.-resistant mouse murine myeloma SP2/0 

non-producer cell line. 



30 
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Methods for generating hybrids of antibody-producing 
spleen or lymph node cells and myeloma cells usually 
comprise mixing somatic cells with myeloma cells in a 2:1 
proportion, though the proportion may vary from about 
5 20:1 to about 1:1, respectively, in the presence of an 

agent or agents (chemical or electrical) that promote the 
fusion of cell membranes. Fusion methods using Sendai 
virus have been described by Kohler and Milstein (1975; 
1976), and those using polyethylene glycol (PEG), such as 
10 37% (v/v) PEG, by Gefter et al . (1977). The use of 

electrically induced fusion methods is also appropriate 
(Goding pp. 71-74, 1986). 

Fusion procedures usually produce viable hybrids at 

15 low frequencies, about 1 X 10" e to 1 X 10"'. However, this 
does not pose a problem, as the viable, fused hybrids are 
differentiated from the parental, unfused cells 
(particularly the unfused myeloma cells that would 
normally continue to divide indefinitely) by culturing in 

20 a selective medium. The selective medium is generally 
one that contains an agent that blocks the de novo 
synthesis of nucleotides in the tissue culture media. 
Exemplary and preferred agents are aminopterin, 
methotrexate, and azaserine. Aminopterin and 

25 methotrexate block de novo synthesis of both purines and 
pyrimidines, whereas azaserine blocks only purine 
synthesis. Where aminopterin or methotrexate is used, 
the media is supplemented with hypoxanthine and thymidine 
as a source of nucleotides (HAT medium) . Where azaserine 

30 is used, the media is supplemented with hypoxanthine. 

The preferred selection medium is HAT . Only cells 
capable of operating nucleotide salvage pathways are able 
to survive in HAT medium. The myeloma cells are 
35 defective in key enzymes of the salvage pathway, e.g. f 

hypoxanthine phosphoribosyl transferase ( HPRT ) , and they 
cannot survive. The B cells can operate this pathway, 
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but they have a limited life span in culture and 
generally die within about two weeks. Therefore the 
only cells that can survive in the selective media a^e 
those hybrids formed from myeloma and B cells. 

This culturing provides a population of hybridomas 
from which specific hybridomas are selected. Typically 
selection of hybridomas is performed by cultunna the 
cells by single-clone dilution in microtiter plates 
followed by testing the individual clonal supernatants 
(after about two to three weeks) for the desired 
reactivity. The assay should be sensitive, simple and 
rapid, such as radioimmunoassays, enzyme imMmna.c 
cytotoxicity assays, plaque assays, dot immunobinding ' 
assays, and the like. Screening hybridomas for those 
that react exclusively with E-selectin is also described 
by Mulligan ec. al . (1991). 



20 



25 



30 



35 



The selected hybridomas would then be serially 
diluted and cloned into individual antibody-producing 
cell lines, which clones can then be propagated 
indefinitely to provide MAbs . The cell lines may be 
exploited for MAb production m two basic ways. A sample 
of the hybridoma can be injected (often into the 
peritoneal cavity) into a histocompat ible animal of the 
type that was used to provide the somatic and myeloma 
cells for the original fusion. The injected animal 
aevelops tumors secreting the specific monoclonal 
antibody produced by the fused cell hybrid. The bodv 
fluids of the animal, such as serum or ascites fluid" car 
then be tapped to provide MAbs m high concentration 
The individual cell l ines could also be cultured ir 
vitro, where the MAbs are naturally secreted into the 
culture medium from which they can be readily obtained i^ 
high concentrations. MAbs produced by either mean, may 
be further purified, if desired, using filtration 
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centnfugation and various chromatographic methods such 
as HPLC or affinity chromatography. 

A molecular cloning approach could also be used to 
generate monoclonals. For this, combinatorial 
immunoglobulin phagernid libraries are prepared from RNA 
isolated from the spleen of the immunized animal, and 
phagemids expressing appropriate antibodies are selected 
by panning, e.g., using cells expressing E-selectin and 
control cells. The advantages of this approach over 
conventional hybridoma techniques are that approximately 
10 4 times as many antibodies can be produced and screened 
in a single round, and that new specificities are 
generated by H and L chain combination which further 
15 increases the chance of finding appropriate antibodies. 

Functional antibody fragments, e.g., Fab', Fab, 
F(ab') 2 , Fv and scFv fragments, can also be employed, so 
long as the antibody or fragment exhibits the desired 
binding specificity for E-selectin. Methods for 
generating active antibody fragments are well known in 
the art. Means for making radiolabeled Fab'-Fabs are 
also known (Le Duossal et. al . , 1992). Methods for 
employing ant i - E- select in fragments, m contexts other 
than with radiation- induction , have also been described, 
which can now be utilized in the present invention. 

For example, Ulich et al . (1994) used mouse F(ab')2 
and F(ab') ant i - E - select in monoclonal antibodies to 
inhibit the emigration of neutrophils into the 
bronchoalveolar space following LPS injection. Silber 
et al. (1994) also showed that intravenous infusions of 
neutralizing doses of F(ab')2 fragments of murine 
antibodies to E-selectin during the early inductive 
phases of delayed hypersensitivity (DHR) resulted in the 
localization of the fragment to dermal endothelium at the 
site of DHR . 
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l.b.1 T -"^dies to human E-selectin can be 

labeled, e.g.. using > 35t , ^ or q 

using previously described technics. F or example 
using the oxidase reagent from Iodogen 

laC " Se f - ™ <Kl«i„. 

"Abs „e„ta et .J. (1990) describe methods 9 

^r'° " -iaminepenta acetic acil 

XO ntTb d r Che " COVale " Cly "> ' — nal 
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Deshpande et ai Mqabi = t „ j 
r . . aj. (1988) also describe an effective 

« !hnique for use in labeling antibodips copper :n 

.<-.» a. one of the «t promising radiometals for 
radioimmunotherapy because of its ei . s hr physical half 
life, abundant beta particles ^ Y^cal half- 

suitabl. <= ■ Petioles, and gamma emissions 

suitable for imaging. However, 67C u is readily 
transferred from the usual chelates of EDTA or DTPA to 
albumen. Deshpande et al . ,„„, developed a new 
-acrooycle -p-ni t robenzyl -TETA) to chelate copper Th 5 
unctional chelating agent p-bromoacetamidobenzyl - teta 
was c te d to a monoclonal antibody without 

significantly alterino ^ e ,■ 

y "Bering its immunoreact i vity . 

Many methods are also available for use in T v ■ 
S t0 antl -tumor proteins, such as e g 

;;:;;; zino ; ta ; in (ncs >- *° r «.^. ( ^ ec *i. 

PVrTld H heter ° blfUnCCl0nal rSa — 
3 ^-pyradyldxthxo)- propionate (SPDP,. 

r" 1 ^ b ° Ch "activity of the antibody and the 

toxicity of the drug. Scott et a! (1987) , * 
method for preparing an immunot oxin - 1 i K e compound 
composed of a monoclonal antibody l inlte d by a disulfide 
bond to the ribosome-inactivating protein gelonin 

che „. Br ;: la " Sky " Sl - <1590 » also describe methods fo. 
chemically coupling adriamycin to monoclonal antibodies. 
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In these studies, immunoconjugates were prepared by 
linking to the MAb and ADM derivative, Adriamycm 13- [3- 
(2-pyridyldithio) propionyl] hydrazone (ADM-HZN) , which 
releases ADM under mild acidic conditions. 

5 

Many methods are also available for use in linking 
MAbs to gene segments, such as gene segments encoding 
anti-tumor proteins, thrombolytic agents and anticellular 
agents that kill or suppress the growth or cell division 

10 of disease-associated endothelial cells. Examples of 
effective thrombolytic agents are streptokinase and 
urokinase. Bode et al . (1985) described an antibody- 
directed urokinase that functioned as a specific 
fibrinolytic agent. The urokinase -MAb conjugate retained 

15 the original binding specificity of the antibody and 
showed 100-fold increased fibrinolysis in vitro when 
compared to unmodified urokinase. This technology could 
also be used in connection with the present invention 
following covalently coupling urokinase to a monoclonal 

20 antibody against E-selectin. 



Collen et aJ . (1990) also reported on the 
thrombolytic and pharmacokinetic properties of a 
conjugate of recombinant single-chain urokinase- type 
plasminogen activator with a monoclonal antibody. This 
chemical conjugate between recombinant single-chain 
urokinase- type plasminogen activator (rscu-PA) and a 
murine monoclonal antibody was produced by cross - 1 inking 
with SPDP. 

In pre-clinical animal studies designed for 
optimization, antibodies to mouse E-selectin are 
contemplated to be useful. Animal models designed to 
allow optimization of anti-cancer strategies are 
routinely employed prior to translating the results to a 
clinical environment. Such animal models are generally 
held to be predictive of results in humans. 
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The inventors will show - 

increases binHi , ionizing radiation 
increases binding of E-selectin 

ligahd-coniugated-cytotoxins in cancer xenogra£ts ln 

H An ! ib ° dieS " =-«le«i„ are used h^ as 

the endothelial cell. within e X p eri „ ental tu mor s wl l be 
o » use on gi , Monoclonal antibodies to murine 
t-selectm and Glycvrrhi?in alK „„. 

to * ; "- t anri ■ • I yrhizm-albuinin conjugates are bound 

I and injected into the tail veins of mice 4 h after 
10ni21ng radiation exposure. locali za tion to 

to r ta a rL ed ^ t±SSUeS Wl11 ^ Characterized using 

eTll " r annin9 ^ described (DeSombre 

e ^ al. § 199O; Lessem et al iqroi ^ 

counting. 5 and s ^tiIlatxon 
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20 



30 



35 



EXAMPLE VT 

"^^^^ 

Primary cultures of endothelial cells were prepared 
from collagenase-digested human umbilical veins Z7 
maintained in M199 With 20% fetal bovin 

were -i™*,- . ^ ■ taI bov me serum. HUVECs 

were irradiated with 10 r^v =«. j 

et ai MPBo, Y des ^ed by Hallahan 

al ( 1989) , or treated with Qtherw identlcal 

conditions without < r „j. fc . ucaI 
monoc,™-, ' "»-»««». Biotinylated-mouse 



monoclonal anti -human E-seiectin wa7 hhT * 

™^ ■ eiectln was added to complete 

medium at 4 h ^-fi-^^ ^ . . ^^mpieue 

IU 

M199 at 24o r a • ~~ ~"" ea ror " "in 3 times with 

24 ^ AVldln b °^ d to 125 I was then added to 



,„ . after ir «diation with rocking at 24 =c for 

30 Bln . huvecs were then washed for 10 mi „ 3 t 



Hm , rrc . f " a£ > i-nen aaaed to 

HUVECs for 30 mm. Cells wer P t-v,„„ 
scl - n . illaHn n 6re then scraped and added to 

^^nuiiiation fluid and 125 t k-Jt,^- 

E .„ lerri „„ 1 blnd mg to x-ray-induced 

E selection was quantified by scintillation counting 
-he inventors found that eradiated HOVECs had a 4 -fold 
increase in ^ blndlng as compared ^ 

rad 1 at P ! r r C t linlCally ' £ *" ib ""y of using ionizing 

radiation to increase in vivo transfection of tumors will 
be proven using a predictive animal model. The inventor, 
have already optimized the use of liposomes to transit 
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human tumor xenografts in nude mice. Human breast cancer 
xenografts in nude mice will be used to determine which 
model is most or best suited to study efficacy. 
Xenografts and analytical techniques have been described 
(Brunner et al . , 1993; Miller et al . , 1994; Weichselbaum 
et al . , 1994 ; Pai et al . , 1992). 



Binding of E-selectin- targeted conjugates to the 
cells in the irradiated tumor will be compared to control 
unirradiated tumors in the opposite hind limb. Other 
controls will include tumors that are irradiated and 
contacted with, e.g., Lipofectin liposomes without 
E-selectin ligands. Furthermore, mice without tumors 
will receive local irradiation to lung, liver and hind 
limb to determine whether radiat ion - induct ion of 
E-selectin occurs in various tissues. 



The Mulligan et. al . (1991) methodology may be used 
in the methods of this invention, following radiation- 

20 induction of E-selectin. These authors showed that 

certain MAbs blocked in vitro adherence of neutrophils to 
TNF alpha- treated endothelial cells and the killing of 
TNF alpha- treated rat endothelial cells by phorbol ester 
activated neutrophils. In rats treated systemically with 

25 CL-3, Mulligan et. al . (1991) reported 70% reduction in 
accumulation of neutrophils in glycogen- induced 
peritoneal exudates. When IgG immune complex deposition 
was induced in dermis and in lungs of rats, treatment 
with anti-E-selectin markedly reduced vascular injury as 

30 measured by changes in vascular permeability (leakage of 
1251 -albumin) and hemorrhage (extravasation of 5 1 Cr - red 
blood cells ) . 



The methodology and studies reported by Williams 
et. al . (1990) may also be used in conjunction with the 
present invention. These authors used radiolabeled 
antibodies to target tumor antigens. However, the 
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(-1 ENAl ) h Radl ° 10dlnated anti-E-selectin antibodies 

1992 ^ z : been reported (v ° n - -i 

1992), and used for internalization studies. 

• ^ 3 Cllnical netting, anti-human E-selectin ia 
10 conjugated to a cytotoxic agent such as » T 

exotoxin, SCaph endotoxin l cin a PSeUdC — 
chpmn , h . ' r ~ cin < a conventional 

and r hB 3 radioli 9and, such as = -i 

and then given to a patient. Tor . xam pi e - 2 bound 
murine monoclonal anti-human E-selectJ is h 
15 at a dose of 1 mCi 4 h after irradia t Mistered 
undergo gama camera scanning ^ radlatl ° n " then 
°f :3I I This sch,H ™ lng t0 quantify the localization 

mis schedule of delivery is to k~ 
daily to a tnr.i ^ , be re P e ated 

ana l a: s r: al 2 a ° t : d y r; — 1 

The maximum tole-r^i-o^ ^ 

P «ce ding ma , or cox lt:i r:r 6 t is the dose 

localization of i3: T-ant--i p „ -, y 

such - ™ d 

evolving the upper aerodigest i v e tract." 

30 r - ^ an ° ther StUdy ' leuk °^es bind to cytokine 

stimulated endothelial cells bv inr 7 
selecrin M , Y lntera ctmg with E - 

selectm. Monoclonal antibodies to f 

b . ndlng has been sh :: n s r: c r:: erence ° f ieuk — 

-ljj vi uro and m i 
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selectin following cytokine stimulation. To determine 
whether radiation-mediated E-selectin induction 
participates in leukocyte binding to endothelial cells, 
the monoclonal antibody for E-selectin (Becton -Dickinson ) 
was added at 4 hours after irradiation of HUVEC cells. 
Antibody was incubated for 30 minutes with rocking, and 
HL-60 cells (10 6 ) were then added for 30 minutes. The 
cultures were washed twice and the number of adherent HL- 
60 cells was quantified as described above. HUVECs 
receiving mock - i rradiat ion had no increase in cell 
adhesion, while irradiated and IL-1 treated HUVECs had a 
3 and 6 fold increase, respectively, in cell adhesion. 
Monoclonal antibodies to E-selectin attenuated the 
increase in cell adhesion after x- irradiation . The x-ray 
15 mediated 3-fold increase in cell adhesion was reduced to 
1.5-fold (p<0.05) and the IL- 1 -mediated 6-fold increase 
was reduced to 3 -fold. When antibodies are added to 
unirradiated cells, there is no change in the number of 
adherent cells. When irradiated cells have antihuman 
20 ICAM antibody added at 4 hours, there is no attenuation 

of the increased x-ray mediated leukocyte adhesion. This 
shows that at the 4 hour time point, leukocytes are 
adherent to E-selectin and not I CAM. At 24 hours, 
however, when ICAM expression is increased, the ICAM 
25 antibody does block binding. Thus, E-selectin is a point 
of intervention in inflammatory cell infiltration if 
irradiated lungs. 



EXAMPLE VII 
Oligosaccharides that Bind to E-selectin 

Many oligosaccharides are known that bind to 
E-selectin. Still further ones can now be developed 
following the teaching of the present disclosure in 
combination with the knowledge in the art. All such 
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«::: wides sre — - <~ use in th . prB . enc 

s olio S ° m \ 0t bCSt """^ E - Eel ««— binding 

5 oligosaccharides are the sialyl Lew, = v/« 

- r ..„,„, Phl i 11PS „. j.. L :;::^: r nr;r ,walz 

1991) ndeed, there is genera! agreement that the 
ligands for E-selectin include sialylated 
polylactosamine. oligosaccharides, with a ' f ucose on the 
10 f rat sialyl-^. ,s^, epitope, Sia (a2 . 3 , Sa l (El 

3 G1CNAC - R ' » — d ep.tope. Sia (a2 - 

acety gl 1 " 3,Gal ' El - 4) (F -'«-3))ClcNAc-R, „. 

acetyl -glucosamine from the nonreducing end. 

" or pureed 1 "? COmP ° UndS Sith " b£ -y»th.. ited 

^ sL o ' , eXa " Ple ' ^ ^ ^lycolip.ds and 

voshida „. ai. (19 11 t^tl::- al ,i994> and 

- obtained from corned (A lamel clT aT'sT^b 

J ' baI i'il-4)Glc-cera mide- 2-3 «st « a _ 

« 3-:<r^;r^ 

Tyrrell « al . ,„„, analy2ed the Etructural 

requirements for carbohydrates lie*,* , * , 
30 reported a * ■ aIat * s U 9 Mli °f E-selectin and 

struct 1 d " ailed — tigation into the mini™ 
structural requirements for E-selectm carbohydrate 
rec ti uslng both direcc b t L bitie „ 

"I ™ " <»«) demonstrated that the 

3s i K r^ ™ — - 



and S a a«>2-3)Gal(Sl-4) iFuc (al-3, ] Glc are the 
— saccharides recognized by the lectin m 
iigosacchande containing the sialyl Lew^s" 
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epitope was also recognized, but less avidly. A 
structural model of functional groups necessary for 
recognition by E-selectin was proposed. This model can 
be used to design further E-select in-binding 
5 oligosaccharides . 



The Tyrrell et al . (1991) model, together with NMR 
data on the conformation of oligosaccharides in solution, 
lead to a hypothesis for the binding face of 

10 oligosaccharides interacting with E-selectin. The 

Tyrrell model incorporates the following conclusions: 
(i) fucose and sialic acid are required for E-selectin 
binding; (ii) 2-6-linked sialic acid is not recognized; 
( iii ) removal of carbons 8 and 9 on the sialic acid or 

15 substitution of an JV-glycolyl for the N-acetyl of the 

sialic acid residue do not effect binding; (iv) removal 
of the N-acetyl group from the N- ace ty lglucosamme does 
not reduce binding; (v) reduction of 2-3 sLeMGlc) does 
not substantially reduce its inhibitory activity. The 2- 

20 3 sLe x and 2-3 sLe a oligosaccharides, in their minimum- 
energy conformation, present the same orientation of 
sialic acid, galactose, and fucose. 



When linked 2-6, the sialic acid residue assumes a 
25 much different conformation in space. In the Tyrrell et 
al . (1991) model the glycerol side chain (carbons 7, 8, 
and 9) and the ^-acetyl group of the sialic acid are 
oriented away from the recognized face of the 
oligosaccharide. In addition, opening the reducing 
30 terminal sugar results in three minimum-energy 

configurations, one of which closely matches the original 
configuration. The carboxyi group of the sialic acid, 
the 4- and 6-hydroxyls of galactose, and the 2-, 3-, and 
4-hydroxyls of fucose are involved in recognition. 



35 



E-selectin-binding oligosaccharides that match the 
Tyrrell et al . (1991) criteria are contemplated to be 
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particularly useful as targeting agents in che invention 
The oligosaccharides described in the papers by Yuen 
« al (1992; 1994) , Nelson et _ al (i993)< Green ^ 

(1992), Ko D ima et al . (1992), Munro et a2 (1992)- 
> Mulligan et al . (1993) and Narasinga Rao et al a 994) 
may al so be employed as E-selectin-binding 
oligosaccharides, according to the following reasoning. 

Yuen et aJ . (1992) identified another class of 
oligosaccharides that bind to the human E-selectin 

:°;;:: e t USlnS "^saccharides on an ovarian cystadenoma 
glycoprotein. This was achieved by application of 
neoglycolipid technology to oligosaccharides released 
rrom the glycoprotein by mild alkaline E- e n mi nataon 
Oligosaccharides were conjugated to l lpid , reS olved by 
tnin-layer chromatography, and tested for binding by 
Chinese hamster ovary cells which had been transfected to 
express the full-length E-selectin molecule. Several 
components with strong E-selectin hi „j 

3 lectln binding activity were 

revealed among acidic oligosaccharides. The smallest 
among these was identified as an equimolar mixture of the 
L e - and LeVSSEA- 1 - type f ucotetrasacchar.des sulfated at 
pos.tion 3 of outer galactose (Yuen e t al . . 1992) . 

The binding activity of this is substantially 
greater than those of lipid- linked Le- and LeVSSEA- 1 
sequences and is at least f»™, a i 

of thp v ■ n * q ' lf n0t su Peri°r. to that 

of the 3 -sialyl- L eVSSEA-l glycolipid analogue 

Therefore, this compound is also particularly 

contemplated for use in the present invention 



35 



The 3 



■sulphated LeVLe" type tetrasaccharides have 
also been shown to be more strongly bound to E- select 
than 3' -sialyl analogues (Green et al i 992 > A 
considerable binding was observed to the 3'-sulphated 
oligosaccharide backbone in the absence of fucose bur ^ 
to a 3 '-sialyl analogue or f uco- ol igosaccharide analogues 
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lacking sulphate or sialic acid. These studies highlight 
the relative importance of sulphate in the adhesive 
specificity of this protein and establish that 
3'-sulphated LeVLe* te t rasaccharides are effective 
5 ligands for selectin binding. The inventors also 

envision using the tet rasaccharides described by Green 
et aJ . (1992) in the targeting embodiments described 
herein . 



10 



A further series of synthetic oligosaccharides based 
on sialyl Lewis x (sLe x ) and sialyl Lewis a (sLe 3 ) were 
used to study the binding interactions of selectins by 
Nelson et. ai . (1993). These authors found that 
solution-phase sLe a is a more potent blocker of E-selectin 
15 than is sLe x . Furthermore, addition of an aliphatic 

aglycone in combination with an amino substitution on the 
GlcNAc of sLe a resulted in a compound with 36 -fold higher 
activity than sLe x , as measured in a competitive binding 
assay (Nelson et. a]., 1993). 



20 



More specifically, Nelson et. al . (1993) showed that 
the attachment of an 8 -me thoxycarbonyloctyl aglycone in a 
S linkage to the anomeric carbon of the GlcNAc of sLe >: or 
sLe a increased their blocking (i.e., binding) activity 

25 nearly twofold. Replacement of the 2-N-acetyl 

substituent of the GlcNAc by an azido or amino group 
resulted in substantial increases in activity, with the 
most potent inhibitor being amino substituted sLe* , which 
was 36-fold more active (IC 50 = 21±3 /iM) than the reducing 

30 tetrasaccharide sLe x . Aglycone and amino substituted sLe d 
compounds are thus also proposed for use in E-selectin 
binding and targeting following site specific induction. 

Yuen et al . (1994) also reported that the sulfated 
35 Le n tetra- and pentasaccharides are particularly potent E- 
selectin ligands. The inhibitory activity of the 
sulfated L.e a pentasaccharide was reportedly substantially 
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greater Chan that of the slalyl . Le , t risacchar ide , 
is currently the most widely used inhibitor of E-se^ct^n 
binding: 45-, 35-, or 15-fold greater depending on 
whether adhesion is to sialyl-Le-, sulfated Le" or 

3 can al r" L r, Pen " SaCCharideS ' ^^ely. These finding£ 
can be utilized in designing second generation E-selectin 
binding agents, as may be used in the present invention. 

Mulligan et aJ . (l 993 ) have described the protective 
effects of sialylated oligosaccharides ln lmmune complex . 
Educed acute lung injury. These authors showed that 

etra- and pentasaccharide derivatives of sialyl Lew ls > 
oligosaccharides derived from fucosyl transferal- 
expressing cells, or generated synthetically, protected 
against acute lung damage after deposition of 
immunoglobulin (lg) G or IgA immune complexes. 

In the igc immune complex model of lung injury 
whioh is E-selectin dependent, sialyl Lewis* 
oligosaccharide preparations provided dose-dependent 
Protective effects, as assessed by changes in lung 
vascular permeability and hemorrhage. Protective effects 
were associated with diminished tissue accumulation of 
neutrophils ln lungs. Morphological assessment revealed 
reduced physical contact of neutrophils with the 
pulmonary vascular endothelium and reduced tissue 
accumulation of neutrophils (Mulligan et al 19935 
These studies show that sialyl Lewis* oligosaccharides a, 
sate for use in therapeutic embodiments. 

Narasinga Rao et aJ . ( 1994) used conformational 
energy computations, high field NMR , and 

structure-function studies to define distance parameters 
o. critical functional groups of S Le«. This sLe 
Pharmacophore was used to search a three-dimensional data 
base of chemical structures. Compounds that had a 
similar spatial relationship of functional grouos w~re 
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nested as inhibitors of selectin binding. Glycyrrhi z m , 
a criterpene glycoside, was identified and found to block 
selectm binding to sLe x in vitro. Using technology such 
as that described by Narasinga Rao et al . (1994) , the 
5 inventors contemplate that other E-selectin binding 
agents may be identified, expanding the group of 
compounds available for use in this invention. 

Narasinga Rao et al . (1994) also substituted 
10 different sugars for the glucuronic acids of glycyrrhizin 
and found the L-fucose derivative to be the most active 
in vitro and in vivo. A C-fucoside derivative, 
synthesized on a linker designed for stability and to 
more closely approximate the original sLe x pharmacophore, 
15 resulted in an easily synthesized, effective selectm 
blocker with ant i - inflammatory activity. 

The Narasinga Rao approach is based generally on the 
finding that only the charged group of sialic acid is 

20 essential to allow binding of carbohydrate epitopes to 

selectins {Tyrrell et al . , 1991). In searching the Fine 
Chemicals Directory data base using MACCS 
three-dimensional software against a pharmacophore 
derived from solution conformations of sLe x , compounds 

25 that matched the pharmacophore definition were 

identified. Such an approach may allow less expensive E- 
select in- binding components to be identified. 

In a first approximation, Narasinga - Rao et al . 

3 0 constructed a pharmacophore using the spatial 

dispositions of the carboxylate group of the sialic acid 
and the vicinal hydroxyls of fucose, which were found to 
be separated by 10-12 A. In the initial two-dimensional 
search of -75,000 compounds in the data base, nearly 400 

35 compounds were identified. However, by modifying the 

query to more closely match the pharmacophore, the number 
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of compounds dropped to 23 (Narasmga -Rao er al . , 1994 

An exa mi na tl on of this list revealed that there were 
multxple redundancy (i.e. different salt forms! (i " 
organic salts, (iii) sugar-uronic acids, and ( iv ) " 

;° dlfied ^ ° f — structures within the 

list. Therefore, the list was reduced to 9 potential 
compound, for screening as inhibitors of selects binding 
to immobilized sLe" (Narasinga -Rao at al . , 1994) . 9 

in addition to glycyrrhizin and glycyrrhizic acid 
(NHJ natural products fro. licorice, other compounds 
blocked select, binding to sLe> (Narasi™*-*^ et ai 
; h T' ff ° f . Che ° ther c °-Pound S identified m this search 

b^e?T e ° ne8inClUde: acid, which also ' 

blocked selectin binding at concentrations comoarable to 
those of glycyrrhizin,- a-Hederin „ hn >h k 
aC H vl>v ■ enn ' which showed a weaker 

activity, inhibiting at 2-3 mM concentrations; carmine- 
P-rocarmine,- carmine ammonia,- rhem - a -glucoside - 
kasugamycm hydrochloride,- kasugamycm,- meglumine 
aiatrizoate; [rlna- 14 r 1 rvn 

, . Clchlorhexidme; tngalaccuromo 

SSCln '" me "izoic acid , Mgl ™ ine salc); and „ o _ 

sal T py A TT 05ty hyd ^ h °^o"^>-w- Trp ,sod ium 

" : ' ° £ th " e =«»ound. have potentia! for use in 

he lnventlon . following ^ d 

of "h^ol'l COmraei - Cially from one or ra ore 

or the following vendors- AlHv^v, * ■ 

nuka, ICN K&K Laboratories inc. ' Calbl °' 

TCI America. ' Inc.. Sigma, Schweitze, and 



The Narasmga-Rao et ai . ( 1994) results lndicate 
.hat 18-/3-glycyrrhetinic acid, the aglycon of 
glycyrrhizin, is relatively ineffective at blockmo 
-lectin activity (ICs: > 2 mM, , suggesting that the suga^ 
residues are important for in vitro function. To fu^h^ 

;::T:,: he s , tructure and to ™— ^- s ;~ 

(Glu-O-GA), galactose (Gal - O-GAj ) , fucose (Fuc-O-GA), 
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maltose (Malt-O-GA) were linked to glycyrrhetimc acid i 
place of the two glucuronic acid residues found on 
glycyrrhizin. The natural O-glycosidic linkage to the 
triterpene core was retained. Most of these 
substitutions resulted in a loss of selectin inhibition 
activity in vitro. 



Based on these data, as well as the fact that fucose 
is an essential component of the native sLe >: ligand for 
10 the selectins (Brandley ec al . , 1993), a C-fucoside of 
glycyrrhet inic acid (Fuc-C-GA) was synthesized 
(Narasinga-Rao et al . , 1994). This compound was designed 
to incorporate a more chemically and metabol irally stable 
carbon linkage in place of the natural O-glycosidic 
15 linkage and to more closely mimic the 10-12-A distance 

between the carboxylate group and fucose in sLe\ In the 
ELI SA for selectin inhibition, Fuc-C-GA was more potent 
than glycyrrhizin against E-selectin and L-selectin and 
of equal efficacy against P-selectin. In vivo, Fuc-C-GA 
demonstrated greatly increased efficacy over glycyrrhizin 
and was equal to Fuc-O-GA. 



20 



Glycyrrhizin is used in Chinese herbal medicines as 
an ant i - inflammatory agent {Davis and Morris, 1991) and 

25 is therefore safe for human administration. The 

synthetic derivatives, especially the C-fucoside of 
glycyrrhetinic acid, are also proposed for use in vivo. 
Further compounds identified by pharmacophore searches 
are expected to have utility in E-selectin binding and 

30 targeting. 



To label an oligosaccharide, a "bridging" molecule 
may be employed, e.g., albumin. For example, albumin is 
conjugated to glycyrrhizin and the albumin - glycoconj ugate 
is then iodinated with 13i I using previously described 
methods (Fraker and Speck, 1978) and lactose peroxidase 
from LKB (Klein, 1989) . This technology can be employed 



■DOCID <WO _ 9625947A2 I > 



WO 96/25947 



PCT/US96/02796 



- 61 



with any of the E - select in -binding ol lgosacchandes 
Glycocon.ugates of Lewis X gangliosides have also been 
Ascribed (Terada at. al . , 1994) , and these syncheCic 
^ methods may be e.ployed m connects „ ith the invention . 

Sialyl Lewis X-mimics E-selectin Block Leukocyte 
Binding to Irradiated Endothelial Cells 

Leukocytes bind to cytokine-stimulated endothelial 
cells through the interaction with E-selectin and the 
leukocyte counter- receptor sialyl Lewis X. Analogs of 
sialyl Lewis X bond to E-selectin and thereby block 
leukocyte binding. This class of anti-inflammatory 
agents is the sialyl Lewis X-mim^c , 
... ■ arugs with high 

IS acid. These drugs bind to E-selectin with greater 

affinity than t;hat of leukocytes and thereby prevent 
primary adhesion. To study their effects on radiation- 
induced leukocyte binding, sialyl Lewis x- m i mics were 

20 Cec ' 0 *" dOthelial «" "Ultur.. after irradiation. 
OTVEC cells were irradiated with 2 or 10 Gy. and 
MycyrrMzin ,!„„, or carminic acid <!„„, wer(S added 4 

10 U H" L " o er , 1 , rr " di " i0n - FOll ° Win9 30 — " 

10 HL-so cells were added. The sialyl Le wis x-.imic. 

blockec HL-60 cell binding to irradiated endothelial 

^ 3 ceils. 



30 



35 



EXAMPLE VTTT 
Targeting Tnrhirod E- «»•»-,.«■ 4 - rh 
Oliqosaccharj^ e Con-j ug:, 

Following labeling of, e.g., glycyrrni zm , 
oridgmg molecule and ion, e.g., albumin and a , 
oescribed above, the binding properties of the resultant 
conjugate can then be analyzed. For example -l- 
glycyrrhi 2 m-albumin conjugates are added to endorH.i^ 
cells before and after ionizing radiation exposure, irTan 



n a 
is 
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10 



analogous manner to that described m the earlier 
examples for the targeting of E-selectin with antibody 
con j ugates . 

Clinically, -albumin -glycocon jugate is added to 

HUVECs 4 h after irradiation as described above in an 
analogous manner to that in the earlier examples. The 
* 3 -I-albumin-glycoconjugate binding to x- ray- induced 
E-selectin is then quantified by scintillation counting. 
Efficacy is determined by colony form assay as described 
in Hallahan et al . ( 1989). Tumor regression is analyzed 
as described in Weichselbaum et aJ . (1994). 

The doses of radiolabeled glycyrrhizin or 
15 glycyrrhizin-selected agent conjugates for use in human 
diagnosis or treatment protocols are contemplated to be 
within the range of the doses previously employed with 
glycyrrhizin in non - radiat ion methods. For example, Soma 
et. al. (1994) described the effect of glycyrrhizin on 
Cortisol metabolism, in which 225 mg/day of glycyrrhizin 
was given for seven consecutive days. 



20 



Okunu et. al . (1994) gave large doses of 
glycyrrhizin to patients with hepatitis C. The doses 

25 described by Okunu et. al . (1994) could also be employed 
in the invention. Numazaki et. al . (1994) gave 
glycyrrhizin to children with liver dysfunction 
associated with CMV infection. Specifically, 0.2% 
glycyrrhizin was dissolved in saline to 2 mg/ml, 

30 supplemented with glycine and cystein and administered 

intravenously at 50 ml/day for more than one week. This 
is also contemplated effective dosage range for use in 
this invention. 

35 Akao et. al . (1994) gave 100 mk/kg glycyrrhizin 

orally to rats, when it was found that glycyrrhizin 
itself is poorly absorbed from the gut. This should be 
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taken into account in nnf.m' 

S Krahenbuhl «. aJ . ' , ^ « 

v ■ L - y - fi ±} gave dospc; -i 

acid, a major metabolite of gly '*!, ""'^Wrhetic 

u y^ycyrrhizm, to healths 

human volunteers in up to doses or I50 0 mg orally 

EXAMPLE TY 

^^^^^^^ 

adhesLT" H7T " ^ ^ — n-.ed.ated cell 

° n " The human anticoagulant factor p_._ . • 
a unique fucosylated plasma gl Q tha ' t "^ 1 ^ ±S 

15 reported ant i - ischemic and anti in fi 

Tt . , , na anti - inflammatory prope-tieq 

It has been reported thai- h^v, u p Cles ' 

20 serine protease activity of Prote.n r * / u 

carbohydrates n<= f • Pr ° tein C - bu t through its 

defined a polylactosamine structural . 94 ) 

inhibits adhesion T hi * S ^ UCtUral determinant that 

M ln the Present invention. 

30 been f„^"" 9ly " P — for E-selectin has also 

een found on mouse myeloid cells (Le.ter «. al . 1994 , 
in addition, glycoproteins of 230 kD and 130 „ er= ' 

both t'ol'sT m " U " -""ophils that also'bound 

et aJ 1,04, , >. dependent fashion (Lenter 

35 ' alth °"9h the signals detected for these 

Ugands were 15-20-fold wea.er than those for the 

"°" OSPeC ' flC li9and =- A " of these glycoproteins are 
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-selectin binding ligands, as 
as polylact osamine . 



EXAMPLE X 

5 Liposomes as Agents for E-selectin Delivery 

Oligosaccharides, polysaccharides or glycolipids may 
be used alone as the targeting component of a drug 
delivery agent, or may be formulated into liposomes, or 
10 attached to a liposome, resulting in a liposomal 
targeting and delivery agent. 



Glycolipid liposomes containinq marker genes (e.g., 
LacZ) were used to transfect endothelial cells before and 

15 after ionizing radiation exposure in vi tro . Primary 
cultures of endothelial cells were prepared from 
collagenase-digested human umbilical veins and maintained 
M199 with 20% fetal bovine serum. Primary culture HUVEC 
cells were expanded from single umbilical veins 

20 irradiated followed by fixation and incubation with 
antibodies to adhesion molecules (Examples I and II) 
Endothelial cells from human dermis immortalized with 
SV40 { HMEC) (Ades et al . , 1992) were maintained as 
described in Example I. Endothelial cells were 

25 irradiated with 10 Gy and incubated with antibody at 2 h 
intervals . 



The inventors have optimized the transfection of 
marker genes into both HUVEC and HMEC human endothelial 

30 cells using DOTMA/DOPE liposomes (Lipofectm reagent, BRI 
GIBCO) . Following the present discovery regarding E- 
selectin, glycolipids that bind to E-selectin are 
formulated into liposomes to improve the transfection 
efficiency following low dose irradiation of the target 

35 cells. 
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HUVEC and HMEC C a1 i c avo ■ 
? nn ^ x, irradiated with 50, loo, 

200 cGy. Four h followxng irradiation, cells are 
transfected with LacZ expression vectors usi ng, e g a 
sialyl Lewxs X - DOTMA conjugate or a anti -E- select in -DOTMA 

HMEC cells to Lipofectin is about 6 h. Therefore 

x°D0Tr 9 lrradlati ° n ' CellS *~ exposed to ei.lyi Le w ls 
X- DOTMA conjugate for 2, 4, 6 , or 8 h to determine wh.ch 



time period is optimal for reducing the transaction 

llZt t° ntr0lS inClU<3e i "' di " ed = transected with 

."" feCtln and ""-radiated ceils transfected with sialyl 

Lewis Y - nnTM^ : . _ ^xc*±y± 



15 



Le„i x . DOTm conjugace , Lacz en=odes ,_ galactosidas ; 

and this enzyme is quantified as previously descried by 

nci±xanan et al . (1992). 

Naturally, in addition to oligosaccharides 
polysaccharides and glycolipids, any other E-seiectin 
targeting agent could be formulated into a liposome 
preparation and used for delivery and targeting, "he 

form of a gene therapy agent, a protein, toxin 

radionuclide and the like. 



25 



30 



Liposome formulations particularly ™^ 
lKP • ^ , pctruicuiarly contemplated for 

use rnclude DOTMA. DOTMA/DOPE and DORIE . However 
Virtually any liposome that binds to E-selectin may be 
employed Liposomes and nanoparticles are kM Z £ 
safe for human administration. For example, they have 
been used in the targeted antibiotic therapy of 
intracellular bacterial infections and diseases as tnev 
can generally entrap, and then liberate antibiotics sue. 
as ampicillin in a stable and reproducible way (H e--v- 
Michelland et al . , 1987). * 

35 further Ixposome formulates contemplated fo>- use 

- the present invention include cationac liposomes. 
Trubetskoy et a,. (1992J showed that cacionic , 
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enhanced targeted delivery and expression of exogenous 
DNA mediated by N-terminal modified poly ( L- lysine ) - 
antibody conjugate in mouse lung endothelial cells. 
DNA: antibody conjugates and cationic liposomes form a 
ternary electrostatic complex which preserves the ability 
to bind specifically to the target cells. The addition 
of liposomes has been reported to enhance the specific 
transfection efficiency of ant ibody-polylysine/DNA binary 
complex by 10 to 20-fold in mouse lung endothelial cells 
in culture (Trubetskoy et al . , 1992). The utilization of 
these types of methods, following E-selectin radio- 
induction as provided by this invention, is contemplated 
to be particularly useful . 



15 Liposomes may also be used in conjunction with anti- 

E-selectm antibodies, as described by Klibanov et al . 
(1991). Such liposomes coupled to monoclonal antibodies, 
termed " immunol iposomes " , have been reported to show 
specific localization in vivo Klibanov et al . (1991). 

20 This will provide an added advantage when used with the 
present invention, in which specific E-selectin would 
have previously been induced. Liposomes made by 
conjugating a targeting antibody directly to the liposome 
surface were also reported to be efficiently internalized 
25 and retained in studies by Matthay et ai . (1989) 

To avoid side effects due to intracellular polymeric 
overloading, ultrafine particles (sized around 0.1 /im) 
may be designed using polymers able to be degraded in 

30 vivo. Biodegradable polyalkyl - cyanoacrylate 

nanopart icles that meet these requirements may be used. 
They are easily made, as described by Couvreur et al . 
(1984, U.S. Patent 4,489,555; 1988). More recently, 
liposomes were developed with improved serum stability 

35 and circulation half-times (Gabizon & Papahad j opoulos , 
1988; Allen & Choun, 1987) . 
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dispersed""" f ° rmed Ph ™^*s that are 

dispersed in an aqueous medium and spontaneously form 
multilamellar concentric bilayer vesicle , , 
multilamellar vesicles ^ ' ^ ™< 

;:;; ers of from 25 - - « - - nicatlon : f h ::; s 

Z f0rmatl ° n ^ Sma11 — — r vesicles 
(SUVs) with diameters in the range of 200 to 500 A 

containing an aqueous solution in the core. 

10 Liposomes bear many resemblances to cellular 

membranes and are contemplated for use in ™ 
the Dre , P p f in connection with 

present invention as carriers for- 
and/or aenes th • second agents 

/or genes. They are widely suitable as both water 
-„a xipid-soluble substances can be entrapped, i.e n 
the aqueous spaces and within the bilayer itself " 
respectively. It is possible drug-bean^ and 

.t,;i:: -,:„tr,:s:::„'" 

expressing cells. n 

20 

Liposomes have been used to transfer 

— = ». 

"I:: 3 ;::*" sub = u — ^ th . hind limb of c ; : 

PE ~ are xn^cted directly into tumors 



, . j -."i-w rumors or 

administered systemically Tumors a 
30 24 h af t ,r 1 • ° rS * re Eradiated do Gy) 

excised t " lnjeCt±0n - ™ F i- quantified from 

' 35 dSSCribed ^ Weich -lbau m et a,. 

and tumor control is quantified as deseed bv 
Weichselbaum et al . (1994). e ° by 



35 



The above model can be easily adapted for us* in 
Present invention. Liposomes are used to tra f 
vasculature endothelial cells ln ^ 



the 
t umor 
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irradiation of the tumor to induce E-selectm. After 
irradiation and E-selectin induction, liposomes are 
injected directly into tumors, directed to the tumor site 
using a catheter, or administered to the animal 
systemically . The use of iridium wire in blood vessels 
to control vascular gene therapy in a site directed 
manner is also contemplated. Tumors are then irradiated 
again (10 Gy) 24 h after liposome injection and TNF and 
tumor regression is quantified. 



The use of liposomes in gene transfer has been 
established to be safe. For example, Caplen et. al . 
(1995) used liposomes to transfer the CFTR gene to the 
nasal epithelium to patients with cystic fibrosis. If 
15 delivery to the nasal epithelium was specifically 

desired, the techniques of Caplen et. al . (1995) could be 
followed, after local irradiation to induce E-selectin. 

The use of antitumor drugs housed within liposomes 
20 conjugated with anti-tumor antibodies has also been 

described (Konno et al . , 1987; Betageri et al . , 1993). 
These methods for the immunospecif ic delivery of drugs 
and other materials to antigenic target cells. can be 
adapted for use in this invention. 



EXAMPLE XI 
Viruses that Bind to E-selectin 

Binding of gene therapy viral vectors to endothelial 
cells is also increased by x- irradiation , in part, by way 
of E-selectin induction. This is shown by adding 
replication deficient Adenovirus type 5 (McGrory et al . , 
1988) containing the LacZ reporter gene (ADS- LacZ) to 
HUVEC's before and after irradiation. 

Cells were grown to 90% confluence and irradiated 
with 10 Gy, as described in the earlier examples and in 
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Hallahan et ai 



10 



15 



lde " tlCal C ^ions -ithout lr ra dlati on. 
Viral Particles were added to cultures in i ! * 
for ? h wit-v, , cultures in l ml of medium 

for 2 h with gentle rocking at P co 2 6.0 and 35°C. 



" L3C ? aS ^ CSl1 CUlt — were' washed 

and complete me di um was added. LacZ transfection was 

^ ^^ la «-"«e assay as describee m 

H^EC Td" T' il992) - ^ ^ —-ted 

HUVEC had a 2.5 fold increase in LacZ expression 

compared to unirradiated controls. 



as 



Following approval by the FDA. cancer patents »r 
treated w lth the foU.„in, protocol, TumorB wlll be 

I!™ 1 " 5 ' WUh abo « 2 °y and then subjected to Ads 
(Egr-TNFI (McGrory et aj . . 1988). 

Ads <Egr-TNF> will be administered at a dose of 
about 10 - about « h after irradiation. Patients wil! then 
undergo tumor biopsy to guantify the locali 2a tion of ™ F 
as determined by EL1SA assay using the method described ' 

ex erlV ePea r dallV " 3 COtal d ° S * ° f 20 *y *™n 
external irradiation and the dose will be escalated by < 

25 °K ! ° f 3 P " ien ". «nl„. a major toxicity L 

le'eT 3 "° re P " lentS — d " «"< = 

J-evel. The maximum tolerated dosage (MTD) will be 

P HlZtT " PreCedin9 "" 3 « in 2 of 6 



30 



35 



confirm 



Once the MTD is found , a phase „ trial ^ 
the e.ficacy of x-ray localization of viral vector aene 
therapy in locally advanced neoplasms, such as eg"' 
gliomas (brain tumors), and carcinomas involving the' 
upper aerodigestive tract. 
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EXAMPLE XI T 
Cells that Bind to E-selectin 



Targeting leukocytes containing therapeutic genes, 
or other selected agents, to tumor vasculature is another 
element of this invention. 



Both neutrophils and eosinophils have been shown to 
bind to the inducible endothelial cell adhesion molecule 

10 E-selectin. Counter ligands on eosinophils for E- 

selectin have been identified as sialyl dimeric le (x) 
compounds (Bochner et. al . , 1994). It has also been 
demonstrated that human CD 5 6 + CD 16+/ CD i - NK cells adhere to 
the E-selectin expressed by stimulated HUVEC in a 

15 sialidase-and Ca ( 2 + ) -dependent manner (Pinola et. al . , 
1994 ) . 



Norton et al . (1993) and Lo et al . (1994) also 
showed that human neutrophils bind to E-selectin. Wakita 
20 et al . (1994) demonstrated that E-selectin is the 

critical adhesion molecule for trafficking of memory T 
cells into certain skin lesions. Olofsson er al . (1994) 
also showed that E-selectin mediates leukocyte roiling in 
interleukin- 1- treated rabbit mesentery venules. 

25 

A subset of human helper memory T cells is known to 
adhere to E-selectin expressed on cytokine-act ivated 
endothelial cells. A distinct type of sialyl Lewis X 
antigen, defined by a novel monoclonal antibody, has been 

30 shown to be selectively expressed on helper memory T 

cells (Ohmori et. al . , 1993). Of the various molecular 
species of sialyl Lewis-X antigens present on 
carbohydrate side chains of cellular glycoproteins, it 
has been reported that helper memory T cells express a 

35 distinct type of sialyl Lex antigen. Cultured ATL cells 
expressing the 2F3-defined antigen showed a clear E- 
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selectxn-dependent adhesion to cytokine - act i 
endothelial cells (Ohmori et. aj . , 1993). 



vated 



H " 25 »«e transected with the radiation 

" dU " We 9enetiC struct pEgr-THF as described by 

Weichselbaum et al . (19941 m soc n 

ij.yy<ij. HL525 cells, 5 x io ; 

cells/ml, were plated [medium 

4- (2-hydroxyethyl) - l -piperazineethane sulfonic 

acid -HEPES-buffered RPMI 1640 . 20% fetal 

™ sodium pyruvate, 100 , M minimal essential medium 

oT;:;::", 1 amino acids ' 100 units/mi — m n , and 

Mg/ml streptomycin] 24 h pnor to transf ection . 

™ :::: r ered «*• - «^r d 

into each electroporat ion curvet The fn n ■ 
, , wuivcL. me rollowmq DNA<; 

were added to the cells in the cuvet ; 10 „ g ^ 
Hn..r„. d pEgr-TNF DMA. ! . 5 „g pCB6 + DNfl (a neQ 
resistance plasmid) (25) • sn H i n 

/? „ , ' and 1 "° ^9 cytomeaalovi-us 

P-galactosidase DNA The o^i ^ ■ " 
3ll solution was gently mixed and 

allowed to incubate at room temperature for 5 mm. The 
cells were transfected by electroporation at 350 v/ 960 
MP. The cuvet. were then allowed to stand for 15 mm 

e ; 8 T ch Th : e c ii ls were cuitu - d - 

by J' I ^ SUbclon ^ in G418 (1200 ,g/ml> 

by plating 0.5 cell well in 96-well plates. These 

;i c :; es — ed in G418 and tested 

for TNF induction. The subclone HL525 Egr-TNF clone 2 
usea these studies. 

HUVEC The ltinS HL " 5 < E 9-™F> =lon« were added to 

HUVECs rn an analogous manner to that descried by aones 

HUVECs t ' HL525 ' E9r -™ F ' ~" ° 

HUVECs after exposure to 10 Gy. or cells 

otherwise identical conditions without irradiatl. 
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Cultures were washed to remove nonadherent clones. The 
Egr-TNF was activated by irradiation and TNF was released 
into the medium. TNF was quantified by ELI SA assay as 
described by Weichselbaum et al . (1994) . It was found 
5 that TNF levels were increased in cultures in which 

HUVECs were first irradiated to activate cell adhesion 
molecules as compared to unirradiated cells. 

As shown by Weichselbaum et al . (1994), female nude 
10 mice bearing SQ-20B xenografts (75-320-mrrr volume) were 

given injections of HL525 . Egr-TNF clone 2 cells (5 x 10 6" 
cells in 100 fil PBS) immediately prior to a single dose 
of 20 Gy . Mice were shielded with lead so that only 
tumors were irradiated. Nonirradiated tumors served as 
IS controls. Animals treated with radiation and clone 2 
demonstrated an increase in tumor cures compared with 
animals treated with radiation alone or unirradiated 
animals given in j ections of clone 2 alone . No increase 
in local or systemic toxicity was observed in the 
20 combined treatment group . 

There were no observable differences in local skin 
desquamation or soft tissue necrosis between animals 
treated with radiation alone and the combination of 

25 radiation and the TNF -a inducible clone 2. Pathological 
examination of representative normal tissue sections 
revealed no differences in fibrosis between the radiation 
and radiation, TNF groups. There were no differences in 
weights between animals treated with radiation alone 

30 [25.33 ± 0.408 (SD) g] and radiat ion/TNF 925.27 ± 0.724 
g) . This result is consistent with the findings that no 
TNF was detectable in the serum of the animals treated 
with radiat ion and clone 2 and that no systemic TNF - cv 
toxicity was observed. 



35 



These studies of Weichselbaum et al . (1994) can be 
adapted for use in the present invention by irradiating 
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the tumor site first to induce P ooi 

~. nauce E -selectm expression 

This new E-selectin-mediated theranv i « 

cnera Py ls thus contemplated 
to enhance tumor cures wnhout increasing normal tissue 
toxicity, particularly when used with gene therapy. 

A version of this technology is contemplated for use 
ln P atients -fter approval by the FDA . Tumor 

infiltrating lymphocytes (TIL) are obtained from the 
vascularized tumor site of an animal, e.g., as described 
by Hwu et al. (1993) . They are then Cransfected with 
murine retrovirus containing radiation inducible Egr-TNF 
construct. Retrovirus vectors are prepared using 
previously well described techniques (e.g.. Tr.i^ 
e£ cil ■ ■ 1994, Hwu et aJ., 1993). 

Transfected TIL cells have been used to treat cancer 
(Hwu et ai., 1993) . These authors ^ ^ 

effective m causing the regression of selected murine 
tumors when administered at high concentrations 
Therapeutic levels in humans cannot be obtained' 
systemically, however, because of dose- limiting toxicity 
The development of immunotherapy with IL-2 and 
tumor-infiltrating lymphocytes (TIL), which can 
accumulate at tumor sites in some patients, and of 
e. icient retroviral techniques for gene transfer into 
eu.aryotic cells has allowed new therapeutic approaches 
using TNF . ^ 



30 



35 



with ( " 3) " trovi «"y transduced human TIL 

with the gene for TNF in an attempt to deliver high 
concentrations of TNF to the tumor site without 
dose-limiting systemic toxicity. Successful gene 
insertion was confirmed and transduced selected T^L 
cultures produced greater amounts of TNF , compared with 
nontransduced controls. i„ an attempt to increase TNF 
production, TIL were transduced with a mutated form of 
TNF containing the IFN- 7 signal peptide in place of the 
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transmembranous region, to enhance secretion into the 
endoplasmic reticulum . 



By using the new vector, TNF production increased by 
an average of fivefold. These studies of Hwu et al . 
(1993) demonstrate that TIL can be genetically modified 
to express and secrete a protein for use in targeted 
cancer therapy. 



10 



More specifically, Hwu et al . (1993) used the 
following methods. TIL were derived from enzymat ically 
digested tumor biopsies as well known in the art. 
Briefly, melanoma tumor biopsies were digested ovprnight 
with collagenase type IV (1 M g/ml), hyaluronidase (0.1 
15 fig/ml) , and DNase (30 U/ml) (Sigma Chemical Co., St. 

Louis, MO) . After digestion, the single-cell suspensions 
were passed through a sterile wire screen grid and 
subjected to Ficoll -Hypaque separation to remove dead 
cells and RBC. 



20 



TIL cell cultures were established at 5.0 x io- 
cells/ml in 24-well sterile tissue culture plates, m 
medium consisting of RPMI 1640 supplemented with 10% 
human A serum (Bio-Whitaker , Walkersville, MD) . This 
25 medium was mixed 1:1 (v/v) with AIM V serum-free medium 
(GIBCO, Grand Island, NY) and was further supplemented 
with gentamicin sulfate (10 /ig/ml ) , penicillin G sodium 
(10,000 U/ml), glutamine (200 mM) (all from GIBCO), 7200 
IU/ml IL-2 (Cetus, Emeryville, CA) , and 10% (v/v) 
lymphokine-activated killer cell-conditioned supernatant 



30 



Because TIL can double every 2 to 4 days, TIL 
densities were maintained at 5.0 x I0 b by splitting 
cultures every 3 to 5 days with fresh medium containing 
35 IL-2 and passaging cells to larger cell culture plates 

(six-well) when required. When TIL reached greater than 
2 x 10 s in number, they were cultured i AIM V serum- free 
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mSdlUm al ° ne staining 6000 i U/ml IL _ 2 The ^ 
vessels used for n " he cul ^ure 

used to generate ttt t psies as we ^e 

^ kt Z atS TIL - Turnor cultures were 

established in 24 -well «st-»,-,- i • 

Rpmi 1640 plus io- h ,\ " CUlture plates « 

pius heat-inactivated ppq T tu 

» =f ~l.no™ tumor cells bee™ evident th COl ° nieS 

to grow to confluence before pa ' ^""^ 

vessels Th» „ Passage to larger culture 

verified Z IZcs 7 ° £ mela "° raa «"« "» 

toy FACS analysis by usi™ pt^ _ ■ 

*nti-GD3 mAb (Mel-l) nhr a - \ , *-"-" un ^gated 
15 (Boston, MA). ^ Signet laboratories 



The solely secretable TNF vertnr 
repxecing the s- t rMSMbran — tructed b y 

the si3nal peptide £rom : F r T ° n ° f h th : ™ f cdna 

the sequences coding for the 17 J a only 
received from the Chiron Corp. e "° Vlral was 

TIL were pelleted and resuspended at , ,„•■ 
in AIM v with 6000 IU/ml IL _ 2 J " , r V Cells/I » ; 
--well pla tes (C ostar. Cambridge MA)" I'"" 
supernatant* were supplemented with^rota 

- "nal concentration of 5 „ 9/ml ^ " ^1 « 
ind.anapolis. IB) and we „ ^ 

volume/well. Twenty-four hours later " !, 

from each well and replaced with Tjl . f 

retroviral Slm e„ = , ° f fres hly thawed 

IL-2 ZT SUPernatant ' ^ain supplemented with fresh 

l*™TJ™™'„Z°T' i9hc to 72 h afc " 

«ch was ^ZZZ^^S^r* 1 9 — 
Afferent concentration ,0, * V 3 V"" 9 * 
the n-~-v--- »- - 3 ' ° r °' 5 »S/ml! of 

n.....>„.. analogue Geneticin (G418; GIBCO) . 
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A melanoma tumor line (888 MEL) was transduced with 
the TNF gene in a similar manner, but in the absence of 
IL-2, and was fully selected by continuous growth in the 
presence of 0.6 mg/ml G418. This fully selected, 
transduced, melanoma line (MEL -TNF) was used throughout 
the study as a positive control for successful gene 
transfer and expression. MEL- TNF cells were estimated to 
contain a single copy of the TNF vector, based on 
comparison of signal intensity on Southern blots with 
that of the cloned retroviral producer cells. The 
producer cells were previously shown to contain only a 
single copy of the TNF vector by demonstration of a 
single band on Southern blot after restriction digestion 
of a unique BaznHI site within the vector. 

The methods described by Hwu et al . (1993) can be 
adapted for use in the present invention with the added 
advantage that by irradiating the tumor site first, E- 
selectin expression will be induced, allowing for 
enhanced targeting. Transfected TIL cells are injected 
as described by Hwu et al . (1993) 4 h after induction of 
E-selectin by irradiation of tumors. Lymphocytes will 
bind to E-selectin, as previously described (Jones 
et al . , 1995 ) . 

After TILs have bound to irradiated tumors (1 h 
after infusion) , tumors will again be irradiated to 
activate the radiation inducible Egr-TNF. The resulting 
TNF produced by irradiated TILs will induce E-selectin 
further within this confined volume and additional TILs 
will injected and again activated with irradiation. The 
techniques described by Treisman et aJ . (1994) regarding 
trans retinoic acid (RA) -enhanced gene expression in TILs 
may also be employed to supplement the teachings of Hwu 
et al . (1993 ) . 
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TILS " 0ll 7 ln V S01 -^ *r«n the animal to be tre ated, 
(ELF~ : T ^^^-^ ^ ^ fuco Syltransferase 

(ELF.) gene before re-administration . The MraHlian cDNA 
encoding alpha ( i , 3 ) - f ucosyltransf erase is widely 
> available, as described by Goelz et al . (1990) ; Lowe 
et al. (1990, 1991); and Kumar et al . (i 991) 
Transfection into the appropriate cell types 'results m 
cells that express SLex and bind to E-selectxn (Goelz 
et . aJ . , 1994 ) . 

EXAMPLE VTTT 
Cellular Liqands Miat BinH «- 0 

Dist.net cell surface Hg and s mediate T lym phocyte 
^^aenment and roll inn r>m rr t 

flo „ ,* n roll ^g on E selectin under physiological 

tlow (Alon et. al 1994) o,,„k 

' ±yy4) - Su <=h antigens can be used in 
con 3 unction with the present invention. 

The HECA-452 antigen is a homing receptor for 
lymphocyte migration into skin. HECA-452 was later 
identified as a group of related sugar moieties that bind 

hat eCt ; n - D±reCt ^^^^ ^ S b - "ported to show 

that he antigen recognized by HECA-452 is involved m 
the d hesion of leucocytes tQ endothelial 

this antigenic epitope is different from that reactive to 
the sialylated Lewis X antigen (De Boer et. al . 19 

The HECA-452 antigen can also be used in conjun ti i th 

the present invention. 

The Ugand L-CanAg (light cancer antlgen) , see 
by a colon carcinoma cell line COLO 205, may also be usee 
111 ° ertain Sele "ed binding embodiments (Zhang et al 
1994), particularly those i n vi Cro assays< such as " 
conducted on biopsy material. 
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EXAMPLE XIV 

Vectors and Gene Therapy Following E-selectin Induction 

The field of gene transfer into vascular cells is 
5 emerging as a new approach for studying the 

pathophysiology of vascular disease and for developing 
potential new genetic treatments for these disorders 
(Nabel et. al . , 1994). E-select in-mediated control of 
vascular gene therapy forms another aspect of the present 

10 invention. The text and figures of Nabel et. al . (1994) 
and Gutierrez et al . (1992) are incorporated herein by 
reference for the purposes of even further supplementing 
the present disclosure in terms of describing gene 
transfer strategies and vectors, genes and antisense 

15 oligonucleotides, drugs, viral vectors, liposomes, animal 
models of vascular gene transfer, normal tissue 
protection, and the like. 



20 



Recombinant vectors capable of expressing a protein 
in vascular endothelial cells will be targeted to such 
cells using an E-selectin binding moiety. The vectors 
may have an ionizing radiation- inducible promoter that 
directs the expression of the protein, in which case, a 
subsequent round of irradiation will induce expression of 
25 the encoded protein in the cells. Effective ionizing 

radiation- inducible promoters include the CArG domain of 
the Egr-1 promoter, the fos promoter, the c-jun promoter 
and the TNF-a promoter. 



30 Recombinant vectors could also employ vascular 

endothelial cell - specif ic promoters to direct gene 
expression. The use of the E-selectin promoter to 
control gene therapy with radiation is particularly 
contemplated. The E-selectin gene promoter has been 

35 linked to TNF cDNA using a blunt end ligation of TNF cDNA 
into the plasmid pE-sel-hGH (Collins et aJ. ( 1991; Read 
et ai . , 1994). The resulting plasmid pE-sel-TNF was 
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contransfected with pCMV-Z.cZ ( £-gal act osidase ) into 
human endothelial cell, (huvec and HMEC) . Cells were 
then irradiated with 5 Gy . TNF and tf-galactosidase 
expression and cell kili ing was observed Thus 

pE-sel-TNF combined with radiation ls extremely ' cytotoxic 
to endothelial cells. 7 tOXic 



20 



25 



30 



35 



An E-selectin promoter- structural gene construct as 
exemplified by E-selectin TNF , may be delivered 
target endothelial cell in vivo using virtuall £ _ 
selectin-binding agent. Por example, linking DNA ^ 

antibodies has been described. m certain „ * 

QrT , , . xn c ertam preferred 

embodiments, cells, viruses or liposome. ,n ^ .... , r 

house E-selectin promoter- structural MM "*" ~ 

ro h«i ■ L structural gene constructs and 

Z lo L ° — ^ure celis ,n rim . 

colli lrradia "°" ° £ the An cibody . gene 

constructs can also be employed, as described 

Hereinabove. Desr -m^t- i * 

means of DeStructlon °f the endothelium is a primary 

-ans of tumor cure by TNF. The tumor vasculature is 
obliterated resulting in hemorrhagic necrosis. 

™r r^rr 1- ™ combined with radi — - — ** 

ivo in vascular tumors to achieve tumor control. 

The vectors will generally direct f ho 
an artirpiin afreet the expression of 

an anticeilular agent capable of irim nn 

the ai-ow^v, -, , billing or suppressing 

the growth or cell division of tumor - associated 
end th al cells _ ^ ^ Qf ^ 

he tumor suppressor proteins, such as p 53 , pl6 ! Kamb 
retin Hi' P^ems produced in response to P 53, the 

retinoblastoma gene product (Rb) , the Wilms' turned gene 
Product (WTl), and certain cyclms ( M arx, 1994J J 
addition, further tumor suppressors include APC,' Dec N~ - 
1. NF-2. MEN- 1 , MEN- II. BRCAl , VHL , FCC and MCC . 

control P2 7r in P53 ' 3 " ^ nUClear P h -P^protein that 
controls cell proliferation, is one example of a turner 
suppressor. The p5 3 protein is highly conserved through 
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evolution and is expressed in most normal tissues. Point 
mutations in the p53 gene and allele loss on chromosome 
17p, where the p53 gene is located, are among the most 
frequent alterations identified in human malignancies. 
5 Even single base substitution in p53 can result in pS3 

proteins with altered growth regulatory properties, which 
leads to cancer. 



The p53 gene has been found to be the most 
10 frequently mutated gene in common human cancers 
CHollstein et al . , 1991; Weinberg, 1991), and is 
particularly associated with those cancers linked to 
cigarette smoke (Hollstein et al . , 1991). The over- 
expression of mutated p53 in breast tumors has also been 
15 documented (Casey et al . , 1991). Transfection of wild- 
type p53 into certain types of breast and lung cancer 
cells can restore growth suppression control in cell 
1 ines . 



20 Although the present invention concerns targeting to 

tumor vasculature endothelial cells, the delivery of a 
tumor suppressor gene, such as p53, to the cancer 
environment using this invention is contemplated to be 
useful . Supplying the normal tumor suppressor proteins 

25 may serve to suppress the growth of the endothelial 
cells, and may even act on certain tumor cells 
themselves, following uptake into tumor cells in the 
vicinity of the blood vessels. In a similar manner, 
supplying antisense constructs of certain oncogenes is 

30 also contemplated. Exemplary oncogenes that are 

appropriate targets for antisense constructs include ras, 
wye, neu, raf , erb, sre, fms, jun, trk, ret, gsp, hst, 
bcl and abl . 



35 Vectors expressing chemotherapeut ic agents and 

toxins are further examples of anticellular agents 
capable of killing or suppressing the cell growth or 
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dlV1S1 ° n ° f tumor-associated endothelial cells 

Exemplary che,o th e r apeu tl c agents include 1FSs . ^ ^ 

cell ^ emPlary Cyt0t0xic -cl.de mammalian 

cell- plant-, fungus- and bacterial -derived toxins such 

' lid 7 T riam p — ™ — n , rlcin A ; h ; n 

and deglycosylated ricin A chain. All such 
chemotherapeutic agents and toxic agents may be used in 
connection with the present invention. 

The vectors may also be used to exnresc; ^ 
r , n3K , . express an enzyme 

capable of converting a non-toxic pro-drug ln to a 
cytotoxic drug. Examples of this are the her.es sim D .ex 
-rus (HSV, thymidine Kinase (tk, enzyme and ^ „£™ 
-eaimnase enzyme. 

The vectors may be plasmids, retroviral vectors ln 
rec ombinant retroviruses, adeno-associated virus (AAV) 
vectors m AAV virions, adenoviral vectors in 
replication-deficient adenovirus, and the like 

I™;" VeCt ° rS * 1S ° - — -lis or 



25 



30 



35 



endothel Sdiated **** thm ™ ' ^ vascular 

techn-!' ^ tranSfSCted ^ Previously described 

ugulL I eXamPle ' Car0t±d a — ieS eternal 

Dugular veins of New Zealand White rabbits were infected 

-th recombinant adenovirus encoding either firefly 
luciferase or a nuclear-local 121ng variant Qf 
beta-galactosidase (Willard, 1994). Delivery of 
recombinant virus was achieved by one of four methods- 
<*> instillation within a surgically isolated vessel 
segment (dwell), (2) a double-balloon catheter (3 - a 
perforated balloon catheter (Wolinsky) , or (4) an ' 
angioplasty balloon catheter coated with a hydrophilic 
adsorbent polymer (Hydrogel). Prototype catheters p„ rrri ~ 
relatively efficient direct gene transfer to vascular ' ^ 
endothelium . 
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Accumulation of vascular smooth muscle cells as a 
consequence of arterial injury is a major feature of 
vascular proliferative disorders. Molecular approaches 
to the inhibition of smooth muscle cell proliferation in 
5 these settings could potentially limit intimal expansion. 
This problem was approached by introducing adenoviral 
vectors encoding the herpes virus thymidine kinase (tk) 
into porcine arteries that had been injured by a balloon 
on a catheter (Ohno et al . , 1994). These smooth muscle 

10 cells were shown to be infectable with adenoviral 

vectors, and introduction of the tk gene rendered them 
sensitive to the nucleoside analog ganciclovir. When 
this vector was introduced into porcine arteries 
immediately after a balloon injury, intimal hyperplasia 

15 decreased after a course of ganciclovir treatment. No 

major local or systemic toxicities were observed. These 
data suggest that transient expression of an enzyme that 
catalyzes the formation of a cytotoxic drug locally may 
limit smooth muscle cell proliferation in response to 

20 balloon injury. 

In vivo Induction Using the E-Selectin Promoter 

The E-selection promoter was operatively linked to 
the Gal4/VPl6 (GVP) chimeric transcription factor. The 

25 GVP transcription factor is a chimera of the DNA binding 
domain of Gal4 and the transcriptional activation domain 
of VP16 . The gene product of this chimeric binds to the 
Gal4 binding region of a second plasmid upstream of a 
transcriptional start site to activate transcription. 

30 The E-selectin promoter was linked upstream of the GVP 
chimeric gene to form the pE-sel-GVP plasmid. The Gal4 
binding site was linked to the TNF cDNA to form the pGVP- 
TNF plasmid. 

35 Allogenic murine fibrosarcoma tumors were grown in 

both hind limbs of nu/nu athymic mice to a mean tumor 
volume of 150 mm". Mice were then injected which 
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liposomes (DOTMA/DOPE BRI /rih^i 

and D GVP twf x ■ BRj_,/Gibco containing pE-sel-GVP 

and pGVP-TNF. Liposomes were injected either 

following ad^nxstration of the liposomes, the tumor on 
5 the right hmdlimb was irradiated and the left hZl T 
tumor was not treated T,, m « nindlimb 

treated. Tumors were excised 24 hours 
later, homogenized, and the TNF was quantified by EL ISA 
The results indicate that E-selectm was induced by 

io ; u :;z;ir about 2 - foid over the 



20 



EXAMPLE YV 
Cellular- Helivpry 

the uL s ofTT" c 9Uideline to even furth - 

is Provil d V th. following protocol 

is provided. Tutors are irradiated wUh a 

followed by administration of HL52R 

radiation- inducible Egr-TNF 1" staining the 

aft-r irrad(ar . genetic construct at 4 hours 

w-hL the T' Cl ° neS tlnd C ° =-«l««in 

^ 3 :C.n t -he I b filed ' A SeC ° nd radi — *»« - 

d ^ h ° Ur aft " '"ministration of 

HL525. This dose activates TNF induction, which is 
proouced locally in the tumor vasculature. 

30 ret HUman T " e ^^"^ " ith —ine 

radiation- inducible Egr-TNF genetic construct These 
infected T cells are given to patients after irradiation 
of the tumor site with about 5 to 10 Gy, as above. A 
second x -ray dose is again given to the tumor, about one 

::::uL a ture. to a — tnf - «- — «-« 
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EXAMPLE XVT 
Pharmaceutical C ompositions and Delivery 

Aqueous compositions of the present invention 
5 comprise an effective amount of the E-selectin- targeting 
agent : selected agent conjugate dissolved or dispersed in 
a pharmaceut ically acceptable carrier or aqueous medium. 
The phrases "pharmaceut ically or pharmacologically 
acceptable" refer to molecular entities and compositions 
10 that do not produce an adverse, allergic or other 

untoward reaction when administered to an animal, or a 
human, as appropriate. 



As used herein, "pharmaceut ically acceptable 
carrier" includes any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents and the like. The use of 
such media and agents for pharmaceutical active 
substances is well known in the art. Except insofar as 
any conventional media or agent is incompatible with the 
active ingredient, its use in the therapeutic 
compositions is contemplated. Supplementary active 
ingredients can also be incorporated into the 
compositions . 

In addition to the compounds formulated for 
parenteral administration, such as intravenous or 
intramuscular injection, other pharmaceut ically 
acceptable forms include, e.g., tablets or other solids 
for oral administration; time release capsules; and any 
other form currently used, including cremes and lotions, 
and even mouthwashes, mhalents and the like. 

To formulate the compounds or cells for parenteral 
administration, e.g., for injection via the intravenous, 
intramuscular or sub-cutaneous routes, typically, such 
compositions will be prepared as injectables, either as 
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us-naV° 1UCi0nS " " U ' pe "» i »»-- ~IM torn suitable fo- 
u«ng „ prepare solutions or suspenses upon the 
addition of a liquid nrior ^^ ■ . 

preparations. » 3 .« 10 „ ; or as emulsified 

5 

as fre 0 ^" 0 " ° £ E — ^""-b—d active compounds 

as free base or pharmacologically acceptabie salts^ cln h 
Prepared in „ ater sultably mixed ^ , ^ 

as hydroxypropylceUulose. Dispersions ca„ also be 
Prepared in glycerol, li quld polyethylene glycols and 

r:t u :;: g r:ir f and r *** — 

"rage and use. these preparations contain a 
Preservative to prevent the growth of micro^ „_ 

15 The P harm aceutical forms suit.hu * 

include sterile a ™,. suitable for injectable use 

sterile aqueous solutions or dispersions- 
formulations including sesame oil peanu oil ' 
pro Py lene g i yco l ; and sterile powders for t h " 

= 0 s^™ neOU :. PreParati ° n ° f injectable 

^-Persions. In all cases fche form 

bcerUe and must be fluid 1-^ *-u 

Iluia to the extent that 

syringability exists. It must be stable under the 
conditions of manufacture and storage and 1st be 

Preserved against the contaminat ing^ io V 0 7 

-croorganisms. such as bacteria and fungi. 

Anti-E-selectin antibodies and saccharides and 

sa^s. .nciude^h^^^L^ddii :: m s a "t u r;;: iy r eptabie 

-o groups of the Protein , ^1^0^ 

2ir: ganic acids such as - f « hydroch^-c 
oxar c t : r r r acid " or such ° rganic a - ds » — 

wltn the f raandel1 - •»» ">». Salts formed 

w«h the free carboxyl groups can also be derived from 
inorganic bases such as for , 

ammonium, .a—- \ ! P ' SOdiUn ' P°«ssium. 

' "" " rrlc hydroxides, and such organic 
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bases as isopropylamine, trimethylamine, histidine 
procaine and the like. 



The carrier can also be a solvent or dispersion 
5 medium containing, for example, water, ethanol, polyol 
(for example, glycerol, propylene glycol, and liquid 
polyethylene glycol, and the like), suitable mixtures 
thereof, and vegetable oils. The proper fluidity can be 
maintained, for example, by the use of a coating, such as 

10 lecithin, by the maintenance of the required particle 
size in the case of dispersion and by the use of 
surfactants. The prevention of the action of 
microorganisms can be brought about by various 
antibacterial ad antifungal agents, for example, 

15 parabens, chlorobutanol , phenol, sorbic acid, thimerosal , 
and the like. In many cases, it will be preferable to 
include isotonic agents, for example, sugars or sodium 
chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the 

20 compositions of agents delaying absorption, for example, 
aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by 
incorporating the active compounds in the required amount 

25 in the appropriate solvent with various of the other 

ingredients enumerated above, as required, followed by 
filtered sterilization. Generally, dispersions are 
prepared by incorporating the various sterilized active 
ingredients into a sterile vehicle which contains the 

3 0 basic dispersion medium and the required other 

ingredients from those enumerated above. In the case of 
sterile powders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are 
vacuum- drying and freeze -drying techniques which yield a 

3 5 powder of the active ingredient plus ny additional 

desired ingredient from a previously s t er i le - f i 1 t e red 
solution thereof . 
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Upon formulation, solutions will hp . . . 
a manner compatible with t-v, , administered in 

such amount L h ^ f0rBUlation Snd in 

1 • therapeutically effective. The 

formulations are easily administered in a v »r 
dosage forms, such as the type C D tb ^ ° f 
described above, buC drug release caos 1 80lutiona 
can also be employed. capsules and the l ike 

For parenteral administration in an aqueous 

: f u :::'i f fo ; e r mpie ' the soiut - — - ^ 

rendered isot ^ ^ ^ dlluMC 

- red isotonic with sufficient sal™ 
These particular *o saline or glucose. 

=,„.,uf. ! " aqUSOUS SOluti °- are especially 

^Z^iZe^™ US ' ™uscular, subcutaneous and 

^nconeal administration in t-h-io 
ster ; la a a ' ln this connection 

sterile aqueous media whirh k , 

to those of s W „ in J e art C ;" ?* r Pl ° y = d **" b * »»» 
disclosure For , 9 C ° f Che Present 

in 1 o "'lo^Lc Zci" 7 d ° Sa9e ^ d — - 

proposed site of infusion, ( see for e 

Pharmaceutical Sciences- 5 h L tion ' " Rem ^— 

and 1570-1580) «,™ . Edltlon ' Pages 1035-1038 

mS Variati °n ^ dosage will 

ad^nistrat.on wil " \ a ^ "sponsible for 

The preparation of more ™- v, ■ ^ 

— <~ -»™iar e ; n io is :r;r traced 

contemplated where necessary In tni / ° 
»S0 as solvent ls ^^JlZl.'ZTr.^" 
«™ y rap id penetration, d el 1V e ri „ g h^h ^ 
concentrations of the active agents to a slu are a 

-^junction wirh an*--;*:* -i 

with antifungal reagents. 
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Inhalant forms are also envisioned, which again, may 
contain the active agents alone, or in conjunction with 
other agents, such as, e.g., pentamidine. 



5 The therapeutic formulations of the invention may 

also be prepared in forms suitable for topical 
administration, such as in cremes and lotions. These 
forms are envisioned to be particularly suitable for 
additionally treating radiation induced dermatitis. The 

10 preparation of oleaginous or water-soluble ointment bases 
is also well known to those in the art. For example, 
these compositions may include vegetable oils, animal 
fats, and more preferably, semisolid hydrocarbons 
obtained from petroleum. Particular components used may 

15 include white ointment, yellow ointment, cetyl esters 

wax, oleic acid, olive oil, paraffin, petrolatum, white 
petrolatum, spermaceti, starch glycerite, white wax, 
yellow wax, lanolin, anhydrous lanolin and glyceryl 
monostearate . Various water-soluble ointment bases may 

20 also be used, including glycol ethers and derivatives, 
polyethylene glycols, polyoxyl 40 stearate and 
polysorbates . Even delivery through the skin may be 
employed if desired, e.g., by using transdermal patches, 
iontophoresis or electrot ransport . 

25 

The E- select in-directed agents of the invention may 
also be advantageously employed for the preparation of 
ophthalmic solutions. Thus, for these embodiments, a 
conjugate or active composition of the invention would be 

30 administered to the eye of the subject in need of 
treatment in the form of an ophthalmic preparation 
prepared in accordance with conventional pharmaceutical 
practice, see for example "Remington's Pharmaceutical 
Sciences" 15th Edition, pages 1488 to 1501 (Mack 

35 Publishing Co., Easton, PA). 
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The ophthalmic preparation will generallv contain 

r:; age h nts in a ™- tlon from a bout 0 : 0 i to .L t 

1. by weight, preferably fro. about 0.05 to about 0 5% ln 
a pharmaceutical^ acceptable solution, suspension or * 
> ointment. Some variation in concentration 



necessarily occur, depending on the particular compound 

employed, the condition of the subject to be treated and 

the l lke , and the person responsible for treatment will 

determine the most suitable concentration for the 

10 individual sublet. The ophthalmic preparation will 

preferably be m the form of a sterile aqueous solution 

containing, if desired, additional ingredients, for 

example preservatives, buffers, tonicity aaPn r, 

antioxidants and stabili 2 ers, nonionic wetting or 

clarifying agents, viscosity- increasing agents and the 
i lKe . 



20 



25 



inc] TT PrSSerVatives use in such a solution 

include benzalkonium chloride, benzethonium chloride 
chiorobutanol. thimerosal and the l ike . Suitable buffers 
-elude boric acid, sodium and potassium bicarbonate 
sodium and potassium borates, sodium and potassium ' 
carbonate, sodium acetate, sodium biphosphate and the 

abou" " I™ SU " iCient C ° -^-in the pH at between 
about p H 6 and pH 8. and preferably, between about pH 7 



and P H 7.5. suitable tonicity agents are dextran 40 
dextran 70, dextrose, glycerin, potassium chloride 
Propylene glyool , sodium chloride, and the H k e, such 
that the sodium chloride equivalent of the ophthalmic 
solution is in the range 0.9 plus or minus 0 2% 
Suitable antioxidants and stabilizers include sodium 
bisulfite, sodium metabisul f ite , sodium thiosulfite 
thiourea and the lik-<= c,,, f , k i 

like. Suitable wetting and clarifying 

35 :^ nt V nClude Polvsorbate 80, polysorbate 20, poloxamer 
282 and tyloxapol . Suitable vi 8 cosity- increasing agents 
include dextran 40, dextran 70, gelatin, glycerin 
hydroxyethylcellulose. hydroxmethylpropylceH 



^ose 
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lanolin, methylcellulose, petrolatum, polyethylene 
glycol, polyvinyl alcohol, polyvinylpyrrolidone, 
carboxymethylcellulose and the like. 

The ophthalmic preparation will be administered 
topically to the eye of the subject in need of treatment 
by conventional methods, for example in the form of drops 
or by bathing the eye in the ophthalmic solution. 



In certain embodiments, active compounds may be 
administered orally. This is contemplated for agents 
that are generally resistant, or have been rendered 
resistant, to proteolysis by digestive enzymes. Such 
compounds are contemplated to include chemically designed 
15 or modified agents; dextrorotatory peptidyl agents, e.g., 
as may used in combination with other E-selectin binding 
agents; and peptide and liposomal formulations in time 
release capsules to avoid peptidase and lipase 
degradation . 

20 

For oral administration, the active compounds may be 
administered, for example, with an inert diluent or with 
an assimilable edible carrier, or they may be enclosed in 
hard or soft shell gelatin capsule, or compressed into 

25 tablets, or incorporated directly with the food of the 
diet. For oral therapeutic administration, the active 
compounds may be incorporated with excipients and used in 
the form of ingestible tablets, buccal tables, troches, 
capsules, elixirs, suspensions, syrups, wafers, and the 

30 like. Such compositions and preparations should contain 
at least 0.1% of active compound. The percentage of the 
compositions and preparations may, of course, be varied 
and may conveniently be between about 2 to about 6 0% of 
the weight of the unit. The amount of active compounds 

35 in such therapeutically useful compositions is such that 
a suitable dosage will be obtained. 
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The Cablets trochee ^ i ^ 
mav ■ troches, pa u s# capsules and 

may also contain the following- a kh^ 

j.ng. a binder, as gum 
tragacanth, acacia, cornstarch, or oelatin ■ 
^nr-h ae ^- i • gelatin; excipients, 

such as dicalcium phosphate; a disintear^^ 

StarCh ' h, al gin ic acid 

a lubricant, such as magnesium stearate; and a sweetening 
agent, such as sucrose, lactose or saccharin etenin 5 
rvr a ■ saccharin may be added 

or a flavoring aqent such = o 

a ayeuL, sucn as peppermint, oil of 

-ntergreen, or cherry flavoring. When the dosa.e un lt 
form „ a capsule , it may ±n - 

: h teriSlS ° f abOVE CyPe ' * «rri«. Various 

other material, may be present as CO a tln gs or to 

otherwise modify th e physicai form of the dosage unic 
ror instance, tablets nine "^i<-. 
with sh pi, a tabIets ' PHls. or capsules may be coated 
with shellac, sugar or both. A syrup of elixir may 
contain the active compounds sucrose as a sweetening 
agent methyl and propylparaben, 9 
and f1 . P °PY^parabens as preservatives, a dye 

and flavoring, such as cherry Qr 

course any material used in preparing any dosage unit 
form should be pharmaceutical^ pure and substantial, 
non-toxxc m the amounts employed. In addition . the 

1VS C ° mPOUndS be incorporated into sustained- 

release preparation and formulations. 

EXAMPLE Yvt T 
Deter.nininn rhe T P Y .el — of — £adia_t_ion_EjCBosure 

Anti-E-selectin can be used to visualize any 
vasculature following irradiation. This Wlll fQr 
diagnostic radiology such as SPEC scanning. 

Again, although the present invention provides a 
surprising use of E-selectin, m that it is to be 

;^; f " a11 ^ indUCSd ^ -diation, other methods are 
available that can now be used in conjunction with the 

the i'T' /" that PreSSnt m6th0dS f - ^ermm.no 

the l evel o£ radiation exposure general based ^ 
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determining the levels of E-selectin or soluble E- 
selectin in exposed animals or patients, previously 
described methods for quantifying E-selectin are 
envisioned to be particularly useful. 

5 

For example, Keelan et al . (1994a) have studied 
endothelial luminal surface expression of E-selectin in 
vivo in the pig. Here, intravenous interleukin- 1 (IL-1 
infusion for 2 h) was used to induce E-selectin 
10 expression in various organs, as shown by immunost aining 
and selective clearance of intravenous lllln- or 
99mTc- labeled ant i - E- select in MAb (1.2B6) compared with 
radiolabeled immunoglobulin Gl control . 



15 Skin sites injected with IL-1, tumor necrosis 

factor, phytohemagglutinin, or phorbol myristate acetate 
at various times (45 min-24 h) before exsanguinat ion 
showed specific accumulation of MAb 1 . 2B6 when 9 9 ml c -MAb 
1 . 2B6 and 1 11 In- control immunoglobulin Gl were injected 

20 intravenously 10 min before exsanguinat ion (Keelan 

et al . , 1994a). This was maximal in 2-h after IL-1 and 
tumor necrosis factor lesions and after 9 h in 
phytohemagglutinin and phorbol myristate acetate lesions. 

25 Keelan et al . (1994b) also assessed the imaging 

potential of an anti -E-selectin Mab 1.2B6 in a model of 
arthritis in the pig. Injection of phytohaemagglut inin 
(PHA) into a knee led to E-selectin expression on vessels 
in the synovium and draining deep inguinal lymph nodes, 

30 as demonstrated by immunohistology . No E-selectin 

expression was seen in the control knee injected with 
buffer alone. Animals were given Illln-Mab 1.2B6 or 
lllln-control antibody intravenously 3 hr after the 
intra-art lcular injection of PHA. Scintigraphy performed 

35 24 hr after lllln-Mab l . 2B6 injection showed obvious 

localization of activity in the inflamed knee in each of 
three animals. Radiolabeled ant i - E- select in Mab was thus 
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successfully used to image localized i n n 

tv realized inflammatory tissues 

(Keelan et al . , 1994b). Ues 



20 



25 



30 



35 



This approaches of Keelan et ai . (1994a ; b) to 
= quantify changes in vascular luminal expression of 

E-selectin in mod els of inflammation and arthritis is 
considered as a suitable model for adaptation for 
analyzing E-selectin changes in relation to radiation 
treatment or damage. 

Silber et ai . (1994) showed that intravenous 
ln " S1 ° nS ° f —trailing doses of F (ab',2 fragments of 
murine antibodies to E-selectin durin. fha 
.nauctive phases of delayed hypersensitivity" (DHR) 
resulted in I gG localization to dermal endothelium. The 
relative numbers of lymphocytes localized to the 
inflammatory sit e were significantly reduced in DHR 

:Li?tt W1C V nfUSi0nS ^ antlb0d - S - E-selectin, 

anim i\ h v ::ti:; 2 f ;r° cytes r ™- - — - - 

3 en F(ab )2 fragments of an irrelevant murine 
monoclonal antibody of the c,™ • murine 
Hoo e lsoc yP e and at the same 

dose were not changed (Silber et ai . (1994) . 

-ag.nToT" V'' ^ non-invasive 

in urate c ^ ^ ^""^ ^ activated endothelium 

as-e.se" tnT ' ^his -tudy. they 

assessed the expression of E-selectin during the 

IZ iolTl^ UratS CryStal - d — -thritis. using a 
2 ^ a91ng - Chni ^. Monosodium urate 

(MSU) crystals and saline alone were injected 

a ,;:; 9 pi9s - Four hours ^ ^^ led 

21 F ab M 2 (ant i 1 " E - Sele - i " "Ab, and 1251-labeled MOPC 

21 FCab ,2 (control MAb) were injected intraven _ 

Uptake of 1.2B6 m inflamed and control D omts was 
assessed by scintigraphy 7 and 24 hours after 
intraarticular injection of MSU crystals 
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Immunohistochemistry studies and radioactivity counting 
of tissues were performed postmortem to confirm the 
observations from scintigraphy. 

5 In the Chapman et al . (1994) studies, MAb 1 . 2B6 

F(ab')2 scintigraphic images of the knees revealed a 
significantly increased uptake in the right (inflamed) 
knee at 7 and 24 hours post - in j ec t ion , particularly over 
the joint space. These in vivo images were consistent 
10 with E-selectin expression in the inflamed tissue 
detected by immunohistochemistry. E-selectin is 
expressed by synovial endothelium during the evolution of 
urate crystal - induced arthritis and can be deterred 
noninvasively using a radiolabeled MAb . 

15 

This E-selectin imaging technique of Chapman et al . 
(1994) is also envisioned as a useful noninvasive method 
for assessing E-selectin expression following radiation. 

20 Gosset et al. (1995) also evaluated the expression 

of E-selectin on endothelium and epithelium in bronchial 
biopsies obtained from patients with allergic and 
non-allergic asthma. Bronchial biopsies were taken in 
asthmatic patients and control subjects (n = 10) by 

25 fiberoptic bronchoscopy and embedded in paraffin. The 

cellular infiltrate was evaluated by May-Grunwald-Giemsa 
staining. Adhesion molecule expression was analyzed by 
immunohistochemistry using mouse monoclonal antibodies; 
the results were expressed as the percentage of positive 

30 cells. 

The Gosset et al . (1995) method is another method 
that could be employed using the invention. Biopsies 
would be obtained from patients after radiation and the 
35 E-selectin level determined to give an indication of 
radiation exposure . 
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EXAMPLE; vv-TTT 

5 method inVentl ° n alS ° Pr ° VideS compositions and 
methods for use in preventing or treating 

radiation- induced inflection using E-selectin -based 
therapeutics in the absence of a second selected ^ 

Human leukemia cell line HL60 has been used to 
quantify leukocyte adhesion to endothelial cells l nes 
et al igqc) uTtzK i i lis (Jones 

eXD0 . ' 60 CellS WSre added to HUVECs after 

exposure to 10 Gy or cells treated with otherwise 
laentical conditions without irradiaM™ — t™ 
washed and cells were counted usina aT" Were 
Consecutive cell washes of culture reveals 
binding of HL60 eels at 4 h a f r creased 

to untreated controls l^^^T^ " 
sialyl Lewis v „ mM yCyrrhl21n ' «™Mc acid or 

«11 S atTh af eTi" C d SIGMA> added t0 ^-Uated 

^tion of HL60 c el is "^°° a " d — " 

; CUU " S ' aCUte Penary radiation injury and 
mt.r.titi.l inflation (slauson et al i 9 7 6 D 
« al.. 198 6; ward et al . 1993 . Na „ ' ' 6 ' DUmi 
and Bert h ron 9 . l986; Ho pe „el ^ ^"ll TT" 

also available for studying radiation- induced 
d seases. e.g.. as described by Ward et. aJ . {1993) < or 

6 S 1 tUdy ° f Nation-induced pulmonary edema, 
a colitis and fibrosis. Such models are intended fo ~ 
use in optimizing appropriate doses. 

Following approval by the FDA , glycyrrhizin 
carmmic acid, sialyl Lewis X, a sialyl Lewis X/A mimic, 
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or other signaling inhibitors, are to be used in phase I 
trials in patients undergoing radiotherapy. Glycyrrhizm 
is used as an antiinflammatory agent in Asia (Kanoka 
et aJ . , 1990; Narasinga Rao et a! . , 1994), and so is safe 
5 for clinical use. These E - select in- binding agents will 
be administered to patients receiving radiation therapy 
as topical pharmaceuticals in water based creams as 
treatment for radiation dermatitis. The advantage of 
these agents over glucocorticoid creams is that 

10 glucocorticoids slow would healing and 

re-epithelialization {Fajardo and Berthrong, 1988). 
After efficacy is demonstrated, these agents will be used 
as intravenous injections and oral preparations in phase 
I dose escalation trials to treat severe radiation 

15 inflammation, such as in the lung and pericardium. 

★ ★ ★ 

20 

All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. 
While the compositions and methods of this invention have 

25 been described in terms of preferred embodiments, it will 
be apparent to those of skill in the art that variations 
may be applied to the composition, methods and in the 
steps or in the sequence of steps of the method described 
herein without departing from the concept, spirit and 

30 scope of the invention. More specifically, it will be 

apparent that certain agents that are both chemically and 
physiologically related may be substituted for the agents 
described herein while the same or similar results would 
be achieved. All such similar substitutes and 

35 modifications apparent to those skilled in the art are 

deemed to be within the spirit, scope and concept of the 
invention as defined by the appended claims. 
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I- A method for delivering a selected agent to the 
vasculature of an animal, comprising inducing E-seiectin 
expression in vascular endothelial cells and 
administering to the animal a composition com.risina an 
E-selectin targeting component operatively associated " 
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2_ The method of cl«i„ 1. wherein E-selec tl n expression 
"; a!CUl " "U. i. induce by iBBit P iav 



3- The method of claim 2. wherein E-selectin expression 
- vascular endothelial cells is induced by 
T-irradiation. 



4- The method of claim 2, wherein c selp . r . 

• _ ,, — seiectm expression 

m vascular endothelial cePs i = lnr , , u P °" 

ceus ls induced by x-rays. 



5- The method of claim l, wherein F o^io . ■ 

, wnerem E-selectin expression 
in vascular endothelial cells inH„ h k u p ' ession 

LeiIS ^ s induced by heat or 

oxidants. 

3 0 6 - ^ ° f Claim 5 ' » h -ein E-selectin expression 

xn vascular endothelial cells is ln duced by H : C. cr o 



J. The method of claim a, further deflned as a 
for delivering a selected agent to the disease - assoc. a t ed 
vasculature of an animal with a d.sease that has a 
vascular component, the method comprising inducing E - 
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selectin expression in the disease -associated vascular 
endothelial cells and administering to the animal a 
composition comprising an E-selectin targeting compound 
operatively associated with a selected agent . 



8. The method of claim 7, further defined as a method 
for delivering a selected agent to the disease-associated 
vasculature of an animal with diabetic retinopathy, 
10 vascular restenosis, arteriovenous malformation (AVM) or 
meningioma . 



9. The method of claim 1, further defined as a method 
15 for delivering a selected agent to the tumor - associated 

vasculature of an animal having a vascularized tumor, the 
method comprising inducing E-selectin expression in the 
tumor-associated vascular endothelial cells and 
administering to the animal a composition comprising an 
20 E-selectin targeting compound operatively associated with 
a selected agent. 



10. The method of claim 9, wherein E-selectin expression 
25 in vascular endothelial cells is induced by specific 
x-ray irradiation of the tumor site. 



11. The method of claim 9, wherein said composition is 
30 administered to said animal parenterally . 



12. The method of claim 9, wherein said composition is 
administered to said animal by injection into the 
35 vascularized tumor site. 
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13. The method of claim l, wherein ^ s H tt 

Xfc?:Ln s sid E-seleccir or 
targeting component is an antibody. 



* 14. The met hod of claim 13, where.n said E-selectm 
tar getang component is a monoclonal antibody. 



10 



15. The method of claim 13, wherein said E-seiecrm 
targeting component is an scFv, Fv , Fab ., Fab or * (a b'i 
fragment of an antibody. ' 



15 t ^ meth ° d ° f Claim ^ wherein said E-selectm 

targeting component is an oligosaccharide 
Polysaccharide, glycolipid or glycoprotein 



20 ta 7 rg etiL n,eth0d ^ Claim " ' Sald E — lectin 

1 z "::: p r n v s an — P01ysaccharide 

gj-ycoupid formulated into a i-ir^c^ 

into a liposome preparation. 



18. The method of claim 17, wherein sa ^ r 
25 targeting component is an o ■ " ^selectm 

or glycolioidV / oligosaccharide, polysaccharide 



30 



35 



19. The method of clai m 16 . wherein said E . selec ._ lr 

o- glycolipid conjugated to 
carrier . 



a protein or polypeptide 



20. The method of claim t c u 

ox claim 16, wherein said E-selecfn 

targeting component is a polysaccharide. 
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21. The method of claim 16, wherein said E-selectin 
targeting component is an oligosaccharide. 

22. The method of claim 21, wherein said E-selectin 
targeting component is glycyrrhizin , carminic acid, 
cylexm, a sialyl Lewis X/A oligosaccharide or a sialyl 
Lewis X/A mimic. 



23. The method of claim 22, wherein said E-selectin 
targeting component is glycyrrhizin, sialyl Lewis X. 
sialyl Lewis A, sialyl Lewis X/A or a sialyl Lewis X/A 
mimic . 



20 



24. The method of claim 1, wherein said E-selectin 
targeting component is a virus. 



25. The method of claim 24, wherein said E-selectin 
targeting component is a herpes simplex virus-1 (HSV-l), 
an adeno-associated virus (AAV), a retrovirus, human 
25 papilloma virus (HPV) or an adenovirus. 



26. The method of claim 25, wherein said E-selectin 
targeting component is HSV-l or an adenovirus. 

27. The method of claim 1, wherein said E-selectin 
targeting component is a polymorphonuclear neutrophil, a 
T lymphocyte, an eosinophil or a NK cell. 
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2B. The .ethod of cl>im 2 ^ E 

- 9 "7 i. a cu»„ r -,„ (l lt r a ting Iv^pho-vte 

0b " lned ^ v..c Ul . riM a c- or site L S TL anLal 

». The method of cl.i, 27. „ here i n said E . selecCln 

'" lng C ° mpt> " ent is a T l^Phocyt. containing a 
rec om b lnan t vector that expresses a protein in vascular 
endothelial cells. CUl3r 



30. The method of claim 1, wherein said E-sel 
targeting component is a polymorphonucl 
liyand or a T cell 1 igand . 



ectm 
neutrophil 



31 • The method of claim i 

- rv, wherein said selected agent 

-s c therapeutic agent. y 



32. The method of claim n u. 

<s a k , ' Wherein sa id selected agent 

a thrombolytic agent. 

33. The method of claim -a -3 . 

2 5 s ™ nf . rtlr . 32 ' where m said selected agen^ 

streptokinase or urokinase. 



30 



34 . 



The method of claim 31 . wherein said seUcted 
an anticellular agent capable of filing c 
suppressing the growth or roi i -j ■ 

y or cel1 division of disease- 

associated endothelial cells 



35 



35 



The method of claim 34, wherein n 

; c _ wuerem said selected aq<=rt 

1S , a chemoth ^apeutic agent, a cytotoxin or a 

radioisotope . 
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36. The method of claim 35, wherein said selected acjent 
is a steroid, an antimetabolite, an anthracycl me , a 
vinca alkaloid, an antibiotic, an alkylating agent or an 
epipodophyllotoxin . 



37. The method of claim 35, wherein said selected agent 
is a mammalian cell toxin. 



38. The method of claim 37, wherein said selected agent 
is inter feron-o (IFN-a), int erf eron - (3y (IFN-Py) , 
interleukin- 12 (IL-12) or tumor necrosis factor-o 
(TNF-o) . 



39. The method of claim 35, wherein said selected agent 
is a plant-, fungus- or bacteria-derived toxin. 

40. The method of claim 39, wherein said selected agent 
is a ribosome inactivating protein, a-sarcin, 
aspergillin, rest rictocin , a ribonucl ease , diphtheria 
toxin, Pseudomonas exotoxin, a bacterial endotoxin, the 
lipid A moiety of a bacterial endotoxin, ricin A chain or 
deglycosylated ricin A chain. 



41. The method of claim 1, wherein said selected agent 
30 is a diagnostic agent. 



42. The method of claim 41, wherein said selected agent 
is a fluorogenic, paramagnetic or radioactive ion that is 
35 detectable upon imaging. 
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43 The m e th od of claim 42 , wherein 

a chr mium manganese - 

J CObal \<">' - k el CI1J . copper neodymium 
CHI) samarium (Hi), ytterbium (III), gadollni J 
> vanadium (II), terbium (Hi), dysprosiur 
(III) or erbium (III) i on . 



(Ill 

( in ) , holmium 



44. The method of claim 42, wherein said selected agent 
is a iodine-, technician,"*, indium--, rheniums- 
rhenium-, copper^, iodine-, yttrium-, iodine---' 
astatine--, gallium-, iridiu,-, cobalt-, radium- 
gold-*', cesium 1 " or a phosphorus 3 -" ion. 

15 

<S. The method of claim 1. wherein sa ld selecC e d agen[ 
7 flSeS 3 rec °™ bi "» nt v.etor comprising . promoter 
° PeratlVely lin ^ d C = - P»"i„ expression regron the 
20 "ll eXP -' eSSin9 3 Pr °" in I" vascular endothelxai 



46. The method of claim a r , ,v, 

laim 45 ' herein said selected agent 

«d« C aon- ln du=ibl. promoter operatively linked to a 

protein expression region. 



«7. The method of claim 46, „here ln said selected agent 
composes a recombinant vector composing a CArG doma ln 
of an Bg r-1 promoter, a fos promoter, a c-Jun promoter o- 
TKF-a promoter operatively linked to a protem eyc-s.i-- 

region . - " ^ 



35 



48. The method of claim 45, wherein said selected aoen- 
recombinant vector comprising a vascular 
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endothelial cell specific promoter operatively linked to 
a protein expression region. 

5 49. The method of claim 48, wherein said selected agent 
comprises a recombinant vector comprising an Egr-1 gene 
promoter, an ICAM-1 gene promoter or an E-selectin gene 
promoter operatively linked to a protein expression 
region . 

10 

50. The method of claim 45, wherein said selected agent 
comprises a recombinant vector comprising a promoter 
operatively linked to a protein expression region that 
15 expresses an anticellular agent capable of killing or 
suppressing the growth or cell division of disease- 
associated endothelial cells. 

20 51. The method of claim 50, wherein said selected agent 
comprises a recombinant vector comprising a promoter 
operatively linked to a protein expression region that 
expresses a tumor suppressor protein, a chemotherapeut ic 
agent, a cytotoxin or an agent that suppresses 

2 5 neovascular izat ion . 

52. The method of claim 51, wherein said selected agent 
comprises a recombinant vector comprising a promoter 
30 operatively linked to a protein expression region that 
expresses p53 , pl6 , the retinoblastoma gene product or 
the Wilms' tumor gene product (WT1) . 

35 53. The method of claim 51, wherein said selected agent 
comprises a recombinant vector comprising a promoter 
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operatively l lnked Eo a prot=ln expression 
expresses I FN -a, IFN-gy . IL . 12 or mp _ a 



10 



15 



54. The method of claim 51. wherein said selected agent 
co.pr.ses a recount vector comprising . promoter 

z:::t; y linked co a protei - «"«»^ that 

exp. esses an enzyme capable of converting a non- toxic 
pro-drug into a cytotoxic drug. 



55- The method of claim 54. wherein sa ld selected agent 

:ri ises . a — ^ -«or conprlsing . Proraote ; 9enc 

llnked « a P^em expression re gi on that 
expresses a herpes simplex virus (HSVI 

/.u, -^ u ^ iHbV] thymidine kinase 

<tk) enzyme or a cytosine deaminase enzyme. 



56- The method of claim u 
20 comprises a r.cn 51 ' " h «^" "id selected agent 

prases a recombinant vector comprising a promoter 
operat.vely lin ked to a protein expression region ha - 
expresses a plant-. fungus- or bacteria-derived tox"" 



25 



30 



57. The method of claim Rfi , 

comprises a record " Sele " ed agent 

P xses a recombinant vector comprising a promoter 
operatxvely linked to a protein exore..- r ° m °^ r 
expresses H i nh^^, • expression reg lon that 

A III" I dl / h " hBria tOXln < ^eudompnas exotoxin, ricin 
A chain or deglycosylated ricin A chain. 



58 . 



The method of claim 45 wherein ea • - 

= , wnerem saia recombinant 



I:":; T * * "—al vector, an AAV ve^or 

an HSV-i vector, a HPV vector or an ad, 



35 -wu^i. ur an adenoviral vect 



or 
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59. A method for treating a disease that has a vascular 
component, comprising inducing E-selectin expression in 
the disease-associated vascular endothelial cells of an 
animal having such a disease and administering to said 

5 animal a therapeutically effective amount of a 

pharmaceutical composition comprising an E-selectin or 
L-selectin targeting component operatively associated 
with a selected agent. 

10 

60. The method of claim 59, further defined as a method 
for treating a benign disease that has a vascular 
component . 

IB 

61. The method of claim 59, further defined as a method 
for treating a malignant disease that has a vascular 
component . 

20 

62. The method of claim 59, wherein E-selectin 
expression in the disease - associated vascular endothelial 
cells is induced by x-ray irradiation of the disease 

si te . 

25 

63. The method of claim 59, wherein said pharmaceutical 
composition is administered to said animal parent eral ly . 

30 

64. The method of claim 59, wherein said pharmaceutical 
composition is administered to said animal by 
instillation into the disease site. 

35 

65. The method of claim 59, wherein said animal is a 
human patient. 
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10 



66. The method of cla lm 59, comprising administering c ~ 
saxd animal a pharmaceutical composition comprising an " 
E-selectin targeting component operatively associated 
with a recombinant vector comprising an ionizina 
radiation-inducible promoter operatively linked"^ a 
protein expression region, the method further comprising 
inducing expression of said protein by subseauentiy 
exposing the disease site to an effective dose of 
ionizing radiation. 



15 



20 



25 



67. A method of determining the radiation exposure of an 
anrmal, comprising determining the level of E-selec^m 
expression in vascular endothelial cells of an irradiated 

"vel s „ ' ^ in the ^-lectin 

61 12 indl — °* - increase in radiation exposure. 

68 The method of claim 67, wherein the level of E- 
selectin expression is determined by means of 
administering to the patient an effective amount of 
composition comprising an E-selectin targeting component 
operatively associated with a detectable marker and 
exposing said patient to a detection device to identify 
the detectable marker. 



30 



35 



6 9 . 



The method of claim 68, wherein the level of E- 
selectm expression is determined by means of 
administering to the patient an antibody than 
specifically binds to E-selectin operatively asso 
with a nuclear magnetic spin - resonance isotope 
radioactive substance . 



at ed 

or a 
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70. The method of claim 68, wherein the level of E- 
selectin expression is determined by means of 
administering to the patient glycyrrhizin operatively 
associated with a nuclear magnetic spin- resonance isotope 
5 or a radioactive substance. 



71. A method for preventing or treating radiation damage 
in an animal exposed to ionizing radiation, comprising 
10 administering to an irradiated animal a pharmaceut ical ly 
acceptable composition comprising an E-selectin targeting 
agent . 



15 72. The method of claim 71, wherein said radiation 

damage is induced in an animal undergoing radiotherapy. 



73. The method of claim 71, wherein said 
20 pharmaceut ically acceptable composition is administered 
to said animal in a topical formulation. 



74 . The method of claim 71 
25 pharmaceutical^ acceptable 
to said animal in an oral f 



, wherein said 

composition is administered 
ormulat ion . 



75. The method of claim 71, wherein said 
30 pharmaceut ically acceptable composition is administered 
to said animal in a parenteral formulation. 



76. A composition comprising an E-selectin targeting 
35 component operatively associated with a selected agent. 
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77 • The composition of clai 
targeting component is an antibody. 



m 76, wherein said E-selec 



10 



15 



20 



76. The ccposu.on of cia lm 76, wherein ^ E _ s ^ 
targeting component is glycyrrhizm . carmmic aad" 
cylexm, sialyl Lewis X, sialyl Lewis A , sialyl Lew . s x 
or a sialyl Lew ls X/A mimic. M 



7^ The composition of claim 76, wherein said selected 
agent is an anticellular agent capable of k ,^ ng 0 . 
suppressing the growth or cell d:v 
associated endothelial ceils. 



■£ion of disease- 



a 8 g"nt T !s e nr ition of cia±m 76 ' where - said 

chit is d flU ° r ° 9eniC ' Paramagnetic or radioactive ion 
chat is detectable upon imagine. 



81. The composition of claim 7* 

r,h = . ciaim 76, dispersed m a 

Pharmacologically acceptable medium. 
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REYNOLDS J.E.F.; PRASAD A.B. (ED.): "MARTINDALE - THE EXTRA 
PHARMACOPOEIA, ED. 28, 1982. THE PHARMACEUTICAL PRESS, LONDON, GB. 
Reynolds J.E.F. et al. (Ed.): "Martindale - the Extra Pharmacopoeia, Ed. 29, 1989, the 
Pharmaceutical Press, London, GB. 
the BEILSTEIN database 
The name is therefore considered obscure, contrary to the requirements of Article 6 PCT. 



1 Claims 1-12, 31-76 and 79-81 in part, and 13-15, 77: the methods and 
compositions, relating to the targeting component being an antibody 

2 Claims 1 -1 2, 1 6-1 8, 22-23, 31-76 and 78-81 in part, and 21 : the methods 
and compositions, relating to the targeting component being an 
oligosaccharide, especially the oligosaccharides of sialyl Lewis X, sialyl 
Lewis A, sialyl Lewis X/A, or a sialyl Lewis X/A mimic, or cylexin. 

3 Claims 1-12, 16-19, 31-76 and 79-81 in part, and 20: the methods and 
compositions, relating to the targeting component being a polysaccharide 

4 Claims 1-12, 16-19, 31-76 and 79-81 in part: the methods and 
compositions, relating to the targeting component being a glycoiipid 

5 Claims 1 -1 2, 1 6-1 9, 31 -76 and 78-81 in part: the methods and 
compositions, relating to the targeting component being a glycoprotein, 
especially sialyl Lewis X, sialyl Lewis A, sialyl Lewis X/A 

6 Claims 1-12, 22-23, 31-76 and 78-81 in part: the methods and 
compositions, relating to the targeting component being a glycoside, 
especially glycyrrhizin or carminic acid 

7 Claims 1-12, 31-76 and 79-81 in part, and 24-26: the methods and 
compositions, relating to the targeting component being a virus 

8 Claims 1-12, 31-76 and 79-81 in part, and 27-29: the methods and 
compositions, relating to the targeting component being a blood cell 

9 Claims 1-12, 31-76 and 79-81 in part, and 30: the methods and 
compositions, relating to the targeting component being a blood cell ligand 

10 Claims 59-66 in part: the methods and compositions, relating to the 
targeting component being a L-seiectin targeting component. 
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